


Chemical Composition of
Sedimentary Rocks in

Colorado, Kansas, Montana
Nebraska, North Dakota
South Dakota, and Wyommg

Compiled by
THELMA P. HILL, MARIAN A. WERNER, and M. JULIA HORTON
With an introduction by

WILLIAM W. RUBEY

GEOLOGICAL SURVEY PROFESSIONAL PAPER 561

A compilation of 2,842 analyses
published before 1958

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1967



UNITED STATES DEPARTMENT OF THE INTERIOR
STEWART L. UDALL, Secretary

GEOLOGICAL SURVEY

William T. Pecora, Director

Library of Congress catalog-card No. GS 67-169

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, D.C. 20402



CONTENTS

Page
Abstract_ - ________ 1 | Codes for permanent numbers assigned to analyses.._._.
Introduction, by W. W. Rubey__ . __________________.__ 1 | Graphical summaries._ - - .o
Project background._____________________________ 1 Areal distribution___ oo
Analyses selection_______________________________ 2 Distribution by composition______________________
Arrangement of analyses.._..._._________________ 2 Cumulative frequency Curves ... - ———-—o—__
Classification of sedimentary roeks________________ 2 | References cited. . - - - - - - o
GroupS. o oo __ 3 Indexes.
ndexes_ .o eeeeem oo

Categories. - .- __________________ 4 X hi ]

Special-rock eategory ... ____________________ 5 Stratigraphic DAMES- - - - oo mmm oo oo
Diseussion . - _ - oo 6 Analyses by geologic age_ ...
Acknowledgments_______________________________.____ 7 Actual and possible use_._-_ . _____ . ___
General information.__ . ____________________________ 7 Chemical and spectrographic analyses for minor con-
Criteria for inclusion of analyses__________________ 7 stituents, compounds, and radicals (oxides reported
Types of samples_ ___ . _____________________ 7 as elements) in rocks of the common- and mixed-
Analyses of samples_________________________ 8 rock categories; reported in only a few analyses...
Explanation of terms and arrangement of tables____ 8 Chemical and spectrographic analyses for con-
Analyses. . 9 stituents, compounds, and radicals (oxides reported
Calculations for classifying analyses_._________________ 191 as elements) in rocks of the special-rock category._ -

ILLUSTRATIONS

[Plates are in pocket]

PraTes 1-9. Maps showing sample localities—

©OND G AW N

. Groups A and C, common- and mixed-rock categories. .
. Group B, clay and bentonite, shale, and voleanic ash, common- and mixed-rock categories.
. Groups D and E, common- and mixed-rock categories.

Groups F, and F,, limestone, dolomite, and chalk, common- and mixed-rock categories.
Sulfate-, phosphate-, and chloride-bearing rocks, special-rock category. )
Rocks for which an actual or possible use is reported, common- and mixed-rock categories.

. Rocks of Precambrian and Paleozoic ages.
. Rocks of Triassic, Jurassic, and Cretaceous ages.

Rocks of Tertiary and Quaternary ages.

Page
195
196
196
196
217
225
233
234
237
238

239

241

10. Dlagrams showing distribution among compositional groups of analyses of various types of rock from the
Northern Rocky Mountains and Great Plains region.
11-14. Diagrams showing distribution among compositional groups of analyses of materials by age—

11.
12.
13.
14.

Ficure

5.

NS

Paleozoic.
Mesozoie.
Tertiary.
Quaternary.

1. Composition of sedimentary rocks showing the seven fields into which the chemical analyses are grouped.- -
2. Tetrahedron illustrating three categories of rock compositions_______ . .o
9. Diagrams showing distribution of analyses of rocks by group content—
3.
4.

Group A, content of more than 75 percent uncombined siliea_. .- . - .-
Group B, content of uncombined silica and clay, each less than 75 percent; uncombined silica and
clay, each more than earbonate_ - - - - o o oo e
Group C, content of uncombined silica and carbonate, each less than 75 percent; uncombined silica
and carbonate, each more than elay _ __ ___ e
Group D, content of elay more than 75 pereent. - .. -

. Group E, content of clay and carbonate, each less than 75 percent; clay and carbonate, each more

than uncombined silica . - - o e
Group Fy, carbonate content from 75 t0 90 percent _ _ o - e
Group F,, carbonate content more than 90 Percent_ .o - e

Page
3
5

197
198

199
200

201
202
203



v

CONTENTS

Figure 10-16. Cumulative frequency curves showing the proportion of all analyses in the common- and mixed-rock cate-

TABLE 1.

8-11.

12.

13.
14.

15-18.

19-27.

gories that contain up to (but not more than) the indicated percentage of various constituents—
10. Group A o o e e
11, Group B . o e
12, Group Co o o e
13. Group Do e
14, Group B e
15. Group Fio o eeceeeeee
16. Group Fao e

TABLES

Analyses of samples from Colorado, Kansas, Montana, Nebraska, South Dakota, and Wyoming, containing
more than 75 percent uncombined silica (group A), common- and mixed-rock categories._____________

. Analyses of samples, by State, containing uncombined silica and clay each less than 75 percent; uncombined

silica and clay each more than carbonate (group B), common- and mixed-rock categories:
2. Colorado. - - e

5. North Dakota_ e
6. South Dakota and Wyoming.__ . _ e

. Analyses of samples from Colorado, Kansas, Montana, North Dakota, and Wyoming, containing uncombined

silica and carbonate each less than 75 percent; uncombined silica and carbonate each more than clay

(group C), common- and mixed-rock categories_ - _ - . e

Analyses of samples, by State, containing more than 75 percent clay (group D), common- and mixed-rock
categories:

8. Colorado_ e

9. Kansas o e

11. North Dakota, South Dakota, and Wyoming .. . - oo

Analyses of samples from Colorado, Kansas, Montana, Nebraska, North Dakota, South Dakota, and Wyo-

ming, containing clay and carbonate, each less than 75 percent; clay and carbonate, each more than

uncombined silica (group E), common- and mixed-rock categories_ ... ... ___._______

Analyses of samples from Colorado and Kansas containing 75-90 percent carbonate (group F,), common-rock

CabegOTY _ e

Analyses of samples from Montana, Nebraska, North Dakota, South Dakota, and Wyoming, containing

75-90 percent carbonate (group F;), common- and mixed-rock eategories__________________________

Analyses of samples, by States, containing more than 90 percent carbonate (group F;), common-rock category:

15, Colorado- - - - e

16, Kansas o e

17. Montana, Nebraska, and North Dakota_ - ____ . ___ e

18. South Dakota and Wyoming . . . e
Analyses of samples Hk, Ha, Na, G, S, P, Fe, Mn, and M, special-rock category, by States:

19. Clays in which (2.178X Al;03) +H,0 (however determined) is 50 percent or more (group Hk),

Colorado, Kansas, and South Dakota_ . . ...

20. Clays in which Al,03;+48i0;-+H;0 (however determined) is 50 percent or more (group Ha), Kansas,

Montana, South Dakota, and Wyoming._ - ..ol

21. 50 percent or more of NaCl (group Na), Kansas___ ___ . oo

22. 50 percent or more gypsum, gypsite, or anhydrite (group G), Colorado, Kansas, Montana, South

Dakota, and Wyoming. _ - e

23. 50 percent or more miscellaneous sulfate-, carbonate-, and nitrate-bearing material (group S), Colo-

rado, Montana, Nebraska, North Dakota, and Wyoming . _______________________________

24. Phosphate rock or nodules, containing 21.1 percent or more P,0; (group P), Kansas, Montana, and

Wy oming e

25. Iron-rich rocks, most of which contain 50 percent or more of ferrous oxide or ferric oxide (group Fe),

Colorado, Montana, South Dakota, and Wyoming_ _ _________________ ..

26. Manganese-bearing rocks and nodules (group Mn), North Dakota, South Dakota, and Wyoming_

27. Coal and coal ash, oil shale and oil shale ash, barites, nodules, and granodiorite and its weathered

products, miscellaneous group (group M), Colorado, Nebraska, North Dakota, and Wyoming_ .

Page

Page
10
16
22
42

52

64

71
74
80
82
88
96
108
114
119
146
152
160

163
164

167
170
176

184
186

188



TaBLE

CONTENTS

. Chemical analyses, description, and worksheet of dolomite, limestone, chalk, and bentonite__._____________
. Number of samples of various rock types in the classification groups A-¥F.____ . ___
. Number of samples of various rock types in the special category
. Distribution of samples by States, categories, and groups. .. ool
. Distribution of 2,842 samples by State, category, and group .
. Distribution of samples by State and by age, stratigraphic unit, county, and classification group_.._____

Page
192
204
205
205
206
206






CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS IN COLORADO, KANSAS, MONTANA
NEBRASKA, NORTH DAKOTA, SOUTH DAKOTA, AND WYOMING

Compiled by TaeLMA P. Hir, MArRIAN A. WERNER, and M. Juria HorToN

ABSTRACT

The compilation of published chemical analyses of sedimen-
tary rocks of the United States was undertaken by the U.S.
Geological Survey in 1952 to make available scattered data
that are needed for a wide range of economic and scientific
uses. About 20,000-25,000 chemical analyses of sedimentary
rocks in the United States have been published. 'This report
brings together about 2,850 of these analyses from the Northern
Rocky Mountains and the Great Plains region.

The samples are arranged by three successive criteria: (a)
general lithologic character; (b) locality; and (c) geologic
age, formation, and relative stratigraphic order. Both a
stratigraphic index of the geologic formations represented by
the analyses and an index of commercial uses are provided.

The analyses are classified into groups and into categories.
The groups (A through F:) are based on a modified form of
the system proposed by Brian Mason in 1952 in which the
relative abundance of the three major components of sedi-
mentary rocks is considered. The components are (a) uncom-
bined silica, (b) clay (R.0:'38i0:'nH:0), and (c) calcium-
magnesium carbonate. The common- and mixed-rock categories
are based on the degree of admixture of these three major
components with other components, such as sulfate minerals,
phosphate, and iron oxide. In most of the analyses, the three
major components amount to 90 percent or more, and these
analyses were placed in a “common-rock” category. In a few
analyses, however, the three major components make up only
50-90 percent of the rock, and the analyses were placed in a
“mixed-rock” category. Analyses in which the three major com-
ponents amount to less than 50 percent were placed in an
arbitrarily lettered group according to the admixed substance
that makes up most of the rock analyzed. These analyses (con-
taining less than 50 percent of the three major components)
were also called “special-rock” category.

Maps show distribution of sample localities by States, and
triangular diagrams show the lithologic character, classification
group, and geologic age.

The many analyses assembled here may not adequately re-
present the geochemical nature of the various rock types and
formations of the region because the analyzed samples were
chosen mainly on the basis of possible economic use of the rocks
sampled, rather than at random. Maps showing the areal
distribution of localities from which the analyzed samples were
taken indicate that many of the localities are in areas where,
for economic or other reasons, special problems attracted inter-
est. Sampling biases are of several kinds, and they tend to
cancel one another.

Several generalized but noteworthy relationships became
apparent from the compilation. Most of the analyzed rocks
tended to be fairly simple in composition—mainly two-component
mixtures of the three major components (uncombined silica,
the clay molecule, and calcium-magnesium carbonate) or a

mixture of the three major components and a fourth component,
such as phosphate, gypsum, salt, or iron oxide.

A comparison of the number of analyses assembled here
with rough estimates of the relative thickness of rocks of
different lithologic types and geologic ages showed that the avail-
able analyses were far from equally representative of the sedi-
mentary rock column of the region. Possibly, future analytical
work will correct the worst deficiencies of the existing data.

INTRODUCTION
By W. W. RUBEY
PROJECT BACKGROUND

The project of compiling published chemical analyses
of sedimentary rocks of the United States was under-
taken by the U.S. Geological Survey in 1952. Decision
to undertake the project came largely as an outgrowth
of suggestions made by a group of geochemists, geol-
ogists, geophysicists, and biologists who were called
together for a conference on May 27, 1950, by L. H.
Adams and M. A. Tuve, of the Carnegie Institution of
Washington. The conference dealt with the geochem-
ical problems of sedimentary rocks. The group pointed
out that a knowledge of the composition of sedimentary
rocks comparable to that of the composition of igneous
rocks, which had been available for several decades,
would be extremely helpful in many scientific fields.
As a result of this and other conferences on the sub-
ject, the National Research Council in 1951 established
a committee, under the chairmanship of G. E.
Hutchinson, on the chemical composition of sediments.
The committee’s purpose was to encourage individual
investigations which would lead to a better balanced
knowledge of the composition of sedimentary rocks.
As well as presenting the recommendation that ulti-
mately led to establishment of the project represer}ted
by this report, the committee encouraged investigations
of deep-sea sediments and of Precambrian sedimentary
rocks, for available chemical information on both these
materials is also inadequate. Better knowledge of the
geochemistry of sedimentary rocks must, of course, c%e-
pend in part upon new chemical analyses, but a wise
choice of the rock types for which new analyses are
most needed would call for the systematic assemblage
of the vast amount of information that is now widely
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2 CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

scattered through a diverse literature; this alone would
be a major undertaking.

The scientists who met under the auspices of the
Carnegie Institution and the members of the National
Research Council Committee were interested primarily
in the more theoretical aspects of the géochemistry of
sedimentary rocks. The U.S. Geological Survey is con-
cerned with theory because of the direct bearing that
theory has on many major geological problems; how-
ever, the Survey is also concerned with the utilization of
sedimentary rocks for economic purposes, such as build-
ing stone, glass sand, and ceramic and cement materials.
Because of its dual interest, the U.S. Geological Survey
undertook the major task of compiling the many pub-
lished analyses, to the end that information would thus
be made more readily available for the entire range of
use.

Before a decision was made to undertake compilation
of these analyses, an appraisal of the probable magni-
tude of the task was made. From several random
samples of the literature, an estimate was obtained that
about 20,000-25,000 chemical analyses of sedimentary
rocks of the United States have been published, and that
perhaps 90 percent of these analyses are in reports of the
various State geological surveys and associated State
universities, the U.S. Bureau of Mines, and the U.S.
Geological Survey. The other 10 percent are widely
scattered through many scientific technical journals.

ANALYSES SELECTION

The selection of analyses for inclusion in a compila-
tion such as this involves selective judgment of the
kinds of rocks, nature of samples, and completeness of
analyses. The criteria established are discussed in de-
tail on pages 7-8. Selection in this study was not
based on the known or inferred quality of the analysis,
except that the minimum requirement for the total
components be between 95 and 102.5 percent. A few
samples were included because of their unusual compo-
sition or because of their relation to other samples, even
though they did not meet all the criteria for inclusion.

Analyses were taken from reports published prior to
1958, and open-file reports of the U.S. Geological Survey
were regarded as published. No analyses were taken
from unpublished theses or from files of the U.S. Geo-
logical Survey, State surveys, or private firms. Un-
published supplementary information on a published
analysis is cited as written communication.

ARRANGEMENT OF ANALYSES

Arrangement of the 20,000-25,000 analyses so that
users having different interests could easily find partic-
ular analyses or types of analyses constituted a prob-

lem. Among the most generally useful facts about an
analyzed sample are (a) its lithologic character, (b) the
geographic locality from which it came, (c) the geo-
logic formation from which it was collected, and (d)
the commercial use or uses to which it has been or may
be adapted. The special interests of the particular
user of this information, however, govern the relative
significance among data. Actual or potential commer-
cial use was certainly the chief consideration of those
people who selected most of the rocks whose analyses are
assembled for this report. Nevertheless, a classification
and arrangement of analyses primarily based on use
would be more confusing than helpful because the infor-
mation on commercial uses is extremely uneven from
one report to another ; several rock types (such as clays)
have more than one use, and use for a given deposit may
even change from time to time as regional mining de-
velops and industrial processes are modified.

Because of the wide range of theoretical and practical
interests in the analyses, the analyses are arranged by
three successive criteria: (a) general lithologic charac-
ter, (b) locality, and (c) geologic formation or strati-
graphic order; a separate index is given of all known
commercial uses. In this plan of organization, all sam-
ples of one lithologic type are grouped together, the
samples of each group are then divided as to the State
and county from which they were collected, and, fi-
nally, the county groups are subdivided according to
stratigraphic position. This system of arrangement
gives less emphasis to geologic formation and geologic
age than is desirable for certain uses of the data. Sev-
eral attempts to use other plans of arrangement showed
that any arrangement chosen must be a compromise that
falls short of the ideal for some purposes. To offset the
disadvantage of the particular system selected here,
separate indexes are given for stratigraphic names and
for geologic ages that are represented by the selected
analyses, and these indexes are analogous to the sepa-
rate index of commercial uses.

CLASSIFICATION OF SEDIMENTARY ROCKS

Analyzed materials seemingly could simply be classi-
fied according to the common lithologic terms applied
to them (such as sandstone, shale, limestone) in the
original reports from which the analyses were taken.
Nonetheless, experience in this compilation showed that
such an ideally simple basis of lithologic classification is
practicable only for the purer rock types. Nature sel-
dom draws distinct boundaries between different rock
types; and for mixed rocks the lithologic nomencla-
ture has, of necessity, grown extremely diverse and to
some extent contradictory. In the literature, for exam-
ple, argillaceous chalky rocks of nearly identical com-
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position are variously reported as chalk, limestone,
chalk-marl, marl, and shale. As a result, a system of
classification based solely on the lithologic terms used
by the original authors would cause the closely similar
rock types to fall into seemingly quite different cate-
gories. For purposes of the present compilation, a more
nearly uniform and objective system of classification
that depends primarily upon the chemical analyses
themselves was adopted. Such a system indicates the
relations of the three main components of sedimentary
rocks (sand, clay, and carbonate minerals) and the de-
gree of admixture of these major components with other
materials such as sulfate minerals, phosphate minerals,
and iron oxide. The relations of the three main compo-
nents are expressed in terms of groups. The degree
of admixture with other materials is expressed as
categories.
GROUPS

Much has been written during the past 50 years about
various systems of classification of igneous rocks; but
there is no uniform agreement as to the best all-purpose
system. In some ways, classification on the basis of
chemical composition is simpler for igneous rocks than
for sedimentary rocks, because the various types of ig-
neous rocks can be adequately characterized in terms of
a relatively small number of standard or normative
minerals that, at least in theory, crystallized together
under conditions of approximate chemical equilibria.
But many sedimentary rocks are made up largely of
fragmental materials—grains of minerals formed in
environments totally different from that in which de-
trital-sediment accumulation occurred. Thus, there are
no known rules of consanguinity comparable to those
for igneous rocks (and possibly for many metamorphic
rocks) to govern the mineral assemblages in sedimen-
tary rocks. Furthermore, clay minerals are a major
constituent of many sedimentary rocks, and the miner-
alogy and chemical compositions of these minerals are
very complex. This complexity greatly handicaps
efforts to establish a rational basis for a chemical clas-
sification of detrital sediments.

A satisfactory system may someday be devised for
the classification of all sedimentary rocks in terms of a
few theoretical minerals that are arbitrarily defined on
the basis of chemical composition. Formulation of some
such system, in fact, may well be one of the scientific
uses of a comprehensive compilation of sedimentary
analyses. Because no such classification was available
at the time this compilation was made, some other basis
for the chemical classification of sedimentary rocks was
required.

Attempts to use several possible methods of classifi-
cation showed that a system similar to that used by
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Si0,
(Uncombined silica)

75 percent

75 percent

7
CaCO, +MgCO,
(Carbonate)

R,0; - 3810, nH, 0
(Clay)

FIGURE 1.~—Composition of sedimentary rocks showing the
seven fields into which the chemical analyses are grouped.

Mason (1952, p. 130-131) combines, as effectively as
any other, the desirable elements of maximum simplicity
and geochemical significance. (See fig. 1.) The sys-
tem used here—a modification of Mason’s—treats all
sedimentary rocks as if they were mixtures of three
ideal components: (a) quartz (uncombined silica), (b)
an arbitrarily defined clay molecule (R.O;:35i0,-
nH,0), and (c) total carbonate calculated as (CaCOs
+ MgCO;). Actually, most sedimentary rocks can
only be approximately classified as being mixtures of
these three components. Silica is a major constituent
of all the commoner clay minerals, and as a result the
most abundant types of mudstones have chemical com-
positions that fall somewhere between the composition
of the two theoretical components—uncombined silica
and R,0;-3Si0,-nH,0. Similarly, the analysis of a
clean well-sorted sandstone that includes significant
amounts of feldspar grains contains much AlLQO;, and it
thus appears in the system of classification used here as
a mixture of uncombined silica and R.O;-8Si0, - nH,0.
If the sand grains include many particles of calcic
plagioclase and of ferromagnesian minerals, the analy-
sis of the rock then shows significant amounts of Al,Os,
Fe,0,, Ca0, and MgO, as well as SiO;, and in the
classification system this sandstone may appear as a
mixture of all three components. Thus this composi-
tional diagram is only roughly analogous to the com-
mon sand-mud-lime diagram. Nevertheless, when these
qualifications are kept in mind, the three somewhat
hypothetical components of the diagram afford a useful
basis for classifying the chemical analyses of a great

many sedimentary rocks.
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Perhaps the conventionalized clay molecule (R.O;
85i0.'nH,0) used in this report is too simplified to
serve most effectively in this arbitrary classification.
The clay corner of the composition diagram would be
more useful if it represented not only R,Os, SiO,, and
H.O but also the alkalies, K;O and Na,O, and that
part of the MgO and CaO which is not found in car-
bonates. The difficulty, however, is that many pub-
lished analyses do not include the alkalies and CO, but
are otherwise useful and should be included. The
classification system should also be capable of placing
in the same groups these analyses and similar ones in
which the alkalies and CO, have been determined.

The three-component diagram becomes more useful
for classifying large numbers of analyses when it is
subdivided into several fields that correspond to differ-
ent mixtures of the three components. Convenient
groups are arbitrarily defined as follows:

A, Silica group-cece e __ Uncombined silica, more than
T5 percent.

B. Mixed silica and clay group- Uncombined silica and clay,
each less than 75 percent;
uncombined silica and clay,
each more than carbonate.

C. Mixed silica and carbonate Uncombined silica and car-

group. bonate, each less than 75
percent ; uncombined silica
and carbonate, each more
than clay.

D. Clay group. _— Clay, more than 75 percent.

E. Mixed clay and carbonate Clay and carbonate, each less

group. than 75 percent; clay and
carbonate, each more than
uncombined silica.

F. Carbonate group_ - ______ Carbonate, more than 75 per-
cent.

F: (common carbonate) .. Carbonate from 75 to 90 per-
cent.

Carbonate, more than 90 per-

cent.

The few samples that plotted on the boundary lines
of the fields defined were arbitrarily placed in an
adjacent field according to the judgment of the com-
pilers. These judgments were based on such factors
as composition of associated samples, if any, and geo-
logical association.

Samples that contained 33 percent (or more) calcium-
magnesium carbonate were given an additional nota-
tion to indicate the calculated ratio of calcite to
dolomite as follows:

F. (high-purity carbon-
ate).

CaCO;
3 (Ca, Mg)CO, Ca0/MgO
Notation molal ratio weight ratio
Caleite ____________________ 0.9:1.0 26.43:
Magnesian caleite.___________ 0.5:0.9 4.173:26. 43
Calcareous dolomite__________ 0.1:0.5 1.700: 4.173
Dolomite_ __________________ 0 :01 1.391: 1.700

Organic matter had been determined separately in
relatively few of the analyses assembled in this report.
In the calculations for most of the analyses, the classi-
fication system used in this report has tended to include
the undetermined organic matter in the clay fraction.
For this reason, if organic matter is given separately,
it is added to the clay fraction.

A detailed explanation of the successive steps by
which the classification is applied to individual analyses
is given in the section “Calculations for Classifying
Analyses.”

Assignment of an analysis to a compositional group
is determined by calculating the three main components
from the analysis to 100 percent. These calculated fig-
ures are not given in the tables.

CATEGORIES

The categories are based on the degree to which the
three main components used to define the groups are
admixed with other materials. The categories are de-
fined by the following amounts of the three main

components :
Percent Category
>90_.___ - --— Common rock
50-90___ —-- Mixed rock
<BO___-_ - --- Special rock

The special-rock categories are designated according to
the kind of material admixed with the three main
components.

The boundaries of the special-rock category were not
always strictly followed. Several analyses that would
fall into the mixed-rock category were included in the
special-rock category because the composition of the
sample is either unusual or of interest for other reasons.
Such analyses can be found more easily when they are
listed with other analyses of similar character, rather
than with analyses grouped on the basis of the three
main components. Some of these special-rock analyses
that do not meet the definition of the special-rock cate-
gory also do not meet the general criteria for inclusion
in the compilation. (See p. 7-8.)

The relation of the three general categories to one an-
other is clarified by the use of a four-cornered tetrahe-
dron that represents a four-component classification
system. (See fig. 2.) The base of the tetrahedron may
be taken as the triangular diagram of figure 1, its three
corners being, respectively, 100 percent uncombined
silica, 100 percent clay, and 100 percent calcium-magne-
sium carbonate. The apex of the tetrahedron is then
100 percent of some component, or components, other
than uncombined silica, clay, or calcium-magnesium
carbonate. The interior of the tetrahedron—the volume
above the basal triangle—represents those rocks com-
posed partly of the three components (uncombined
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Other components

Special-
rock
Category

Uncombined

Clay silica

Carbonate

F1eURE 2.—Tetrahedron illustrating three categories of rock
compositions: (a) common-rock samples consisting of more
than 90 percent uncombined silica, clay and calcium-magne-
sium carbonate, (b) mixed-rock samples that include one or
more additional components, and (c) special-rock samples
in which other components such as gypsum or phosphate
rock make up more than 50 percent of the sample.

silica, clay, and calcium-magnesium carbonate) and
partly of one or more additional components.

For example, the location within the tetrahedron of an
analysis consisting of 19 percent uncombined silica, 19
percent clay, 57 percent calcium-magnesium carbonate,
and 5 percent calcium sulfate is determined by recal-
culation of the composition to that of the basal triangle:
20 percent uncombined silica, 20 percent clay, and 60
percent calcium-magnesium carbonate. The analysis
is located at this point on the basal plane and then pro-
jected toward the apex of the tetrahedron for a distance
equivalent to 5 percent (the amount of calcium sulfate in
the analysis). The point representing the sample will
fall within the volume designated as “Common-rock
category” in figure 2.

An analysis that shows 15 percent uncombined silica,
30 percent clay, 15 percent calcium-magnesium carbon-
ate, and 40 percent calcium phosphate is recalculated to
the composition of the basal triangle—that is, 25 percent
uncombined silica, 50 percent clay, and 25 percent cal-
cium-magnesium carbonate. The sample is located at
this point on the basal plane and then projected toward
the apex for a distance equivalent to 40 percent (the
amount of calcium phosphate in the analysis). The
point representing the analysis will then fall in the up-
per part of the volume designated as “Mixed-rock cate-
gory” in figure 2. If the analysis had shown 60 percent
calcium phosphate, the point representing it would have

fallen in the lower part of the volume designated as
“Special-rock category.”

In the table of analyses that make up most of this
report, each sample that falls into either the common-
rock or the mixed-rock category has a classification nota-
tion indicating the calculated percentages of the three
components—uncombined silica, clay, and calcium-mag-
nesium carbonate. For example, the numbers “11, 18,
68,” following the designation “class” are to be read
as 11 percent uncombined silica, 18 percent clay, and 68
percent calcium-magnesium carbonate. The total, 97
percent, indicates that this analysis lies 3 percent above
the basal plane of the tetrahedron and thus falls within
the common-rock category.

If the class numbers total less than 90 but more than
50 (the analysis thus falling in the mixed-rock cate-
gory), the analysis identification number at the head
of the analysis column and in the descriptive notes is
preceded by an asterisk ; for example, *25. The descrip-
tive note for each of these analyses includes a statement
regarding the constituents other than the three main
components that cause the analysis to be in the mixed-
rock category. Analyses in the common- and mixed-
rock categories are not given separately in the tables
but are included in normal sequence according to loca-
tion, group, and so forth.

A few otherwise satisfactory analyses do not include
determinations of SiO, but give only the percentage of
material that was insoluble in acid. For such analyses
the general procedure was modified by the assumption
that the amount of material insoluble in acid is an ap-
proximate measure of the SiO, content. Such analyses
are indicated by the enclosure of the first two numbers
of the class notation in parentheses. By use of the same
example as that of the preceding paragraph, the nota-
tion would then become “(11, 18) 68.”

SPECIAL-ROCK CATEGORY

Components other than uncombined silica, clay, and
calcium-magnesium carbonate make up more than half
the rock of the samples in the special-rock category.

The analyses of rocks in the special-rock category
fall into the upper part of the tetrahedron (fig. 2), but
the apex of the tetrahedron represents a different mate-
rial for each group in the special-rock category. To
keep the nomenclature of the classification scheme
simple and reasonably consistent, the different special-
rock -categories are designated as “groups” by analogy
with the use of that term for the different mixtures of
the three main components of the basal plane of the
tetrahedron.

Group H (more aluminous clays) ;: In order to classify a large
number of analyses by a three-component system based on
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amounts of uncombined silica, clay, and calcium-magnesium
carbonate and yet not obscure rocks of unusual or economi-
cally significant composition, a clay molecule was chosen with
a Si0:/R.0; molecular ratio of 3. The choice of this ratio
means that when analyses of clay or ferruginous matter have
a 8i0:/R.0; molecular ratio of less than 3 and are classified
under this system, they are found to show various amounts
of excess Al:Os; and excess Fe:0;. Such analyses are further
examined to determine whether these more aluminous com-
ponents amount to more than 50 percent. If they do, they are
placed in a high-alumina special-rock category and subdivided
according to the weight-percent ratio of silica to alumina
determined in the analyses. The silica-alumina weight-per-
cent ratios of assumed constituents are as follows :

Conventionalized clay-________________________ 1.768
Kaolinite minerals____________________________ 1.178
Bauxite minerals_____________________________ 0

These ratios lead to the following divisions of group H :

Group Hk: Kaolinlike clays (kaolinlike minerals, no bauxite).
Si0:/A1:0s weight-percent ratio from 1.178 to 1.768. 2.178
(Al:0:) +H.O (however determined) >50 percent.

Group Ha: High-alumina clays (kaolinite minerals predomi-
nant, bauxite subordinate). 8i0./A1:0: weight-percent ratio
from 0.371% to 1.178. ALO;+8i0:+H,O (however deter-
mined) >50 percent.

Group Hb: Bauxite and bauxitic clays (bauxite minerals pre-
dominant, kaolinite minerals subordinate). 8i0./Al;0s
weight-percent ratio <0.371. A1,0;+48i0.+H.O (however
determined) >50 percent. Group Hb is not represented in
the analyses given in this report. ,

Other groups are:

Group Na (rock salt) : Analyses that include materials con-
taining more than 50 percent NaCl.

Group G (gypsum) : Analyses of rocks containing more than
50 percent gypsum (CaS0.-2H.0) or anhydrite (CaSO.).
Group S (sodium and magnesium sulfate, miscellaneous sulfate-,
carbonate-, and nitrate-bearing material) : Analyses mostly
of materials containing more than 50 percent of sodium and

magnesium salts.

Group P (phosphorite) : The phosphate mineral in phosphorite is
calculated as fluorapatite (9Ca0-3P;0s-CaF:). The analyses
of phosphorite that contain 21.1 percent P.Os or more cor-
respond to those containing 50 percent fluorapatite or more.
A few analyses reporting a little less than 21.1 percent P.0s
are included in table 24 because the samples are part of a
sequence of analyzed samples containing more than 21.1 per-
cent P;0s. Other analyses that indicated a content of less
than 21.1 percent P:0s are calculated in the regular manner
for uncombined silica, clay, and calcium-magnesium
carbonate,

Group Fe (iron-rich rocks) : Most analyses of iron-rich rocks in
this report contain more than 50 percent ferric oxide or
ferrous oxide.

Group Mn (manganese-bearing rocks) : Several analyses contain
less than 50 percent manganese oxides; even so, they were
listed in this category on the basis of potential economic
value or special interest.

Group M (miscellaneous) : In some, but not all, components
other than uncombined silica, clay, and ecalcium-magnesium
carbonate make up more than half the rock. Analyses of

18102/ Al;03 weight-percent ratio for a mixture of equal amounts of
bauxite minerals and kaolinite minerals.

OF SEDIMENTARY ROCKS

coal and the ash of coal make up most of the group. The
rest of the analyses—those of oil shale, weathered igneous
rock, nodules, and baritic sinter—are included in this group
because they do not meet the criteria for inclusion in either
the common- or mixed-rock categories.

DISCUSSION

No grading was made of the analyses into categories
of superior, good, and fair. This separation would re-
quire the wisdom of Solomon, and it might prevent the
user of the report from making his own assessment.
The date of original publication of the analyses affords
the user a generalized means by which the reliability of
such analyses can be appraised. Wherever available, the
analyst’s name is given as an additional basis by which
the quality of the work may be judged. A critical se-
lection of truly superior analyses of sedimentary rocks
can probably best be made after the present, more inclu-
sive compilation has become available. Distribution of
analyses by State, by classification groups, by category,
or by other characteristics is given in tables 29-33.

The user should note that the published analyses,
despite their large number, are probably not truly rep-
resentative of the composition of all sedimentary rocks
of the region. Most of the analyzed rocks were selected
because they are (or were thought to be) of special eco-
nomic interest and are, hence, probably of rather unus-
ual chemical composition. For example, limestone that
contains 95 percent or more CaCOj is grossly overrepre-
sented in the published analyses; natural limestone
analyses show a wide range in CaCOs. But this geo-
chemically unrepresentative or biased nature of the pub-
lished analyses does not necessarily detract from the
potential usefulness of these analyses for other pur-
poses; in fact, there is a great variety of uses to which
these analytical data may be put. Carbonate rocks of
unusual purity were specially selected for analysis,
which affords the potential manufacturer of lime, in-
dustrial fluxes, and other mineral commodities valuable
information on localities where the best source materials
for his particular purpose can most readily be obtained.

The geologist or geochemist interested in estimating
the average composition of the earth’s materials prob-
ably cannot find the gross averages of thousands of
published analyses of unusually pure limestones
particularly useful for his purpose. Careful observ-
ance, however, of the areal distribution and thickness of
different rock types and of different geologic formations
represented by the published analyses should enable the
geologist or geochemist to make closer estimates of
average compositions than most of those now available
(or at least enable him to discover which rock types and
formations are most in need of new analytical data).
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Several noteworthy questions and facts about sedi-
mentary rocks resulted from the compilation, but only
a few can be mentioned here. One possibly significant
relation became apparent when the 2,362 classified anal-
yses of this report were plotted on triangular diagrams
(figs. 3-9). A very large proportion of all the analyses
fall not within the central region of the diagram, as
might reasonably be expected, but within about 5 per-
cent of the exterior boundaries of the triangle. This
result means that many samples of uncombined silica
and clay mixtures contain very little calcium-magne-
sium carbonate, and that many samples of clay and cal-
cium-magnesium carbonate mixtures contain very little
uncombined silica, and so on.

The somewhat unexpected relation just mentioned is
closely analogous to an empirical observation also re-
ferred to previously—that a very large proportion of
the classified analyses of this report fall into the com-
mon-rock category and that relatively few fall into the
mixed-rock category. (See figs. 1,2.) Plotted on the
composition tetrahedron, the analyses tend to group
mainly along and near its edges and exterior faces, and
not in the center. The tendency of the analyses to group
at certain places in the tetrahedron can be partly ex-
plained by the predominantly economic interest that
governed the selection of certain rock types for analysis.
This bias of sample selection accounts readily enough
for the concentration of analyses of silica sand (group
A) and of high-calcium limestone (group F,). But the
concentration of analyses along the edges between the
corners of the tetrahedron and near its basal plane is
not so easily accounted for by this explanation. Also,
exclusion from this compilation of those analyses having
summations less than 95 percent probably tended to
eliminate the incomplete analyses of rocks of more com-
plex composition. This explanation, however, probably
accounts for only a small part of the empirically ob-
served grouping.

This relation, then, is probably not an artifact result-
ing from systematic bias in the choice of analyzed sam-
ples or in the classification system used; rather, the
grouping relation is largely a result of natural sedimen-
tation processes that tend to make these environments
favorable for deposition of sand and unfavorable for
the deposition of clay and carbonates. The reverse is
also true. Thus, the environments of sand, clay, and
calcium-magnesium carbonate deposition may, to a
measurable extent, be mutually opposite. If so,the data
of this compilation stand as a tribute to the good judg-
ment of geologists who, years ago, adopted the familiar
sand—clay-calcium-magnesium carbonate diagram. The
validity of these relations will be substantiated or weak-
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ened as the compilation of analyses of rocks of other
regions progresses.
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GENERAL INFORMATION
CRITERIA FOR INCLUSION OF ANALYSES

The chemical analyses of sedimentary rocks were
taken from many publications, and as a result the con-
stituents determined, as well as the methods used for
determination, vary widely. Uniformity seemed de-
sirable in presenting the analyses in this report, and
several general rules were formulated. The informa-
tion concerning some of the analyses included is prob-
ably inadequate for certain purposes. However, a more
critical selection from this large number of analyses can
be made by the reader.

TYPES OF SAMPLES

Sedimentary, metamorphic, and igneous rocks.—The
precise dividing line between sedimentary and meta-
morphic rocks is not a sharp one in nature, and differ-
ent authors do not always clarify in their published lit-
erature which way this dividing line lies from a given
analyzed sample; nevertheless, the usage of the in-
dividual author was followed wherever possible.
Slightly altered rocks are generally included ; consider-
ably altered rocks are not. An “altered” rock is in-
cluded if the “alteration” is interpreted to be due
primarily to sedimentary or diagenetic processes, rather
than to metamorphic or hydrothermal processes. In
general, Precambrian sedimentary rocks have been
greatly modified by pressure, heat, and circulating
fluids; only those that seem from the description to have
been slightly modified are included. Ifa sample is part
of a series (as an igneous rock and its weathered and

partly weathered products), the complete series or rep-
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resentative samples from the complete series are in-
cluded. “Marble” is sometimes applied as a trade name
to any carbonate rock that will take high polish, and
for this reason analyses of some rocks called “marble”
are also included. Analyses of some rocks of doubtful
origin, or ones that have undergone an unknown amount
of metamorphism, are included if the rock is of special
economic interest.

Washed and purified samples—Analyses of washed
and purified samples are included if no more than 10
percent of the material was removed during the
processing.

Weathered samples.—Analyses of weathered samples
are included if the samples are parts of series—for ex-
ample, the original rock, its partly weathered product,
and the resulting soil. Also, analyses of redeposited
weathered material are included, but unless the samples
are a part of a series, as above, analyses of weathered
material at its source are not included.

Coal and oil-shale samples—Coal analyses are gen-
erally excluded ; however, analyses of coal and oil shale
are included if analyses of the ash are also available.
If the number of such analyses is large, a selection of
representative analyses is given.

Pure samples.—Analyses of hand-picked samples of
a certain color or of “pure” composition are not in-
cluded. Analyses of samples thought to be represent-
ative of a part of a formation or a member are included.

Concretions and nodules—Concretions and nodules
may be typical of some formations or they may be of
scientific interest. Analyses of such samples are

included.
ANALYSES OF SAMPLES

Completeness—No selection based on the known or
inferred quality of the analyses was made except that
the totals be in the range from 95 to 102.5 percent. Se-
lection and grading of analyses based on quality and
completeness are left to the reader. A few analyses are
included that do not precisely meet the standards out-
lined above—such as, if the sample (a) is part of a se-
ries, (b) is the only one of a given formation, (c) is of
particular economic or scientific interest, or (d) con-
tains constituents not commonly determined, or if (e)
the sample information includes a spectrographic anal-
ysis. If a large number of incomplete analyses included
complete spectrographic analyses, a few of these incom-
plete analyses were selected to show the upper and lower
limits of various constituents in both the chemical and
spectrographic analyses.

Insoluble residues—An analysis that records more
than 25 percent of the rock as insoluble in acid, and that
does not report SiQ, separately, is not included.

Totals—In general, an analysis is used if the total is
within the range of 95 to 102.5 percent. In some anal-
yses the percentage of a readily calculated constituent
that had not previously been determined brings the to-
tal within these limits. For example, in some limestone
and dolomite analyses CO, was not determined, and the
analysis total is accordingly too low to meet the 95-per-
cent criterion. However, analyses of limestone and
dolomite are included if the CO, calculated from the
determined CaO and MgO brings the total within the
95-percent limit. In a few published analyses, the in-
dividual totals fall between 95 and 102.5 percent, but the
actual sums of the constituents are less than 95 percent
or more than 102.5 percent; these analyses are not
included.

Data on sample locality and formation.—Only anal-
yses that contain reasonably adequate information
concerning locality and formation are included. Xf this
information is not available in the original publication,
an effort was made to obtain it from the appropriate
State Survey or from individuals who are familiar with
the area. The source of such additional information is
cited as a written communication.

EXPLANATION OF TERMS AND ARRANGEMENT OF
TABLES

References—In the descriptive notes of an individual
table, the first page number given in the reference indi-
cates the page on which the analysis is found in the cited
report. If more than one reference is given for an anal-
ysis, the first given is generally the reference from
which the analysis is taken. References other than the
first supply additional information on the descriptive
notes or on the analysis itself.

Identification numbers and code numbers of analy-
ses—Each analysis is assigned two numbers. The first
is an identification number that serves to relate the
analysis and the sample description in the tables.
These identification numbers run in sequence through
each table. An asterisk preceding this number indi-
cates that the sample is in the mixed-rock category.
(See p. 5.) The second number is a code that identi-
fies the sample in permanent files and gives some infor-
mation on the locality and rock type represented by the
analysis. This number appears only in the column
headings of the analytical tables. The code number
5F,7-21 is translated as follows:

5 Colorado. (Seep.195for State codes.)
F; High carbonate group. (See p. 4 for definition of
groups.)

7 Boulder County. (See p. 195-196 for county codes.)
21 Position of analysis in sequence of analyses from
Boulder County.
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Lithology.—The rock name given to a sample is that
used in the original reference. Where the reference
gives no name, or where the compilers felt there was
some doubt as to the accuracy of the name, a name was
supplied on the basis of either the position of the analy-
sis in the classification system or the compilers’ interpre-
tation of the original publication. The name supplied
by the compilers appears in parentheses and is followed
by the name, if any, given in the reference.

Treatment of stratigraphic nomenclature.—Because
the stratigraphic nomenclature used in this report is
from many published sources, the names and ages do
not necessarily reflect the latest-usage of the U.S. Geo-
logical Survey. The formal geologic names have not
been capitalized in accordance with the “Code of Strati-
graphic Nomenclature” (Am. Comm. on Strat. Nomen-
clature, 1961). The age and formation of each sample
is given in the descriptive notes as reported in the pub-
lished source of the analysis, except for some samples
for which the reported assignment is so out of date as
to be misleading and better information could be ob-
tained conveniently. The age is not repeated if more
than one analysis of the same formation appears on
the same page.

Chemical analyses—The lists of constituents in the
tables were simplified as much as possible by the use
of footnotes to indicate that the entry shown as SiO,
was reported in the original published analysis as in-
soluble matter; that the figures for CaO and MgO are
derived from an original analysis in which CaCO, and
MgCO; were reported; or that an oxide figure was
calculated from an original report of the element if the
element amounted to more than 0.05 percent, and sim-
ilar information. The analyses are thus brought into
a superficially similar form.

Minor elements such as arsenic, vanadium, selenium,
and others were determined chemically for a few
samples that were also analyzed spectrographically.
Analyses for such minor elements are listed with the
spectrographic analysis and are identified as chemical
determinations by means of a footnote.

Spectrographic analyses—Spectrographic analyses
of minor constituents are given only for those samples
for which chemical analyses of major constituents are
also available. Some incomplete chemical analyses
have been included if spectrographic analyses are avail-
able, but if a great many incomplete chemical analyses

and accompanying spectrographic determinations are
available, a selection was made. This selection shows
the upper and lower limits of each constituent analyzed.
The methods of spectrographic analysis and the con-
stituents looked for vary considerably from one labo-
ratory to another, and no attempt was made to evaluate
the spectrographic data.

Mineralogy.—The word “mineralogy,” as used in this
report, indicates that information on the mineralogy of
the sample is available in the original publication.

Nil, None, Trace—The words “nil,” “none,” “trace,”
“slight trace,” and similar terms are used in accordance
with the original publications. These terms may have
different meanings to different chemists, and it thus
seemed unwise to attempt reduction to a more nearly
uniform nomenclature.

Punctuation and footnotes—Additional information
not available in the original publication but relating to
the locality, formation, or rock name is in parentheses if
it was supplied by the compilers. Information supplied
by others is cited as written or oral communication.
Parentheses are also used in the tables of analyses to
indicate those amounts not included in the total; a foot-
note for such amounts gives further information. Also,
parentheses are used for some references to aid clarity
where more than one reference is cited. Each set of fac-
ing pages with chemical analyses and accompanying
descriptive notes are considered as a unit, and the foot-
notes, numbered accordingly, apply only to that unit.

Reported use of rock.—Generally, the information on
the actual or potential economic use is given only if it is
stated in the original publication. No effort was made
to equate the different terms used nor to bring the in-
formation up to date.

ANALYSES

The 2,842 analyses compiled are presented in tables
1-27 of this report. The tables are arranged in sequence
according to classification groups: the common- and
mixed-rock categories, and the special-rock category.
For groups A, C, and E, each table lists the analyses by
States in alphabetical order and contains all the anal-
yses in the group. For groups B, D, F,, and F,, each of
which contains several hundred analyses, the analyses
for each State (or group of States) are given in a sepa-
rate table. The tables for these groups are alphabetical-
ly arranged by State(s). Each group, special-rock
category, isin a separate table.
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TABLE 1,— Analyses of samples from Colorado, Kansas, Montana, Nebraska, South Dakota, and Wyoming containing more than 75 percent uncombined silica

CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

(Group A) common and mixed rock categories

[samples of mixed rock category indicated by an asterisk (*). Chemical analyses arranged by State, county, and stratigraphic position]

Colorado Kansas
2 3 4 5 6 | 7 8 11 12 13
5A18-2 | 5A18-3 | 5A18-9 | 5A30-1 5A36-1 5A47-1 15A4-3 15A10-2 | 15A10-1
Si0z2.steneconscsee 98,70 98,7 98,2 96,7 93.11 89,14 90.2 98.54 96,45 96,90
AlOgervnrecaerens .95 .98 .55 .09 5.56 5,32 .82 3,72 2,76 2,03
Fep05eecrennscnnsns .09 .16 .13 115 1,10 2.58 L172 5,67
MEO.seesercnannse .10 .10 .51 .07
(oY PP .05 . 035 . 055 .32 .31 3,2 .03
Na0 .. . .80 { .02
KO ..u . .09
TiO; .. . 8,09
ons ereenves . LEETRRY .018
COz vesvnnne . 2,56
SO§ severnnecnsans Nil . 009
Organic matter .... cereee ceveen .04 [P caenns
Ignition 1088 caveene | avvens cevens veeees | 10112 2 34 veeene
Totalesssesess | 100,8 100, 68 100, 23 99,9 99, 83 100,10 99, 58 99, 60
Class cuvvunaneenes | 88,12,0 | 97,3,0 veeees | 78,21,1 | 86,8,6 73,22,0 | 94,5,0 97,3,0 91,9,0 93,7,0
Kansas
14 15 16 17 18 19 20 21 22 23 24 25 26
15A11-1 | 15A11-2 | 15A11-3 | 15411-6 | 15A11-4 | 15A11-5 | 15A15-39 15A17-1 15A27-1 | 15A33-1 | 15A33-2 | 15A33-3
Si0pueerrenarenese | 99,13 [1398,60 99,23 97,33 [M497,75 |[492,28 84,64 98,72 97,75 91,36 88,09 97,10 86,98
5,90 3,12 $1,23 3,71 3,50 1,26 3,71
.16 .52 .22 1.89 1,61 1,25 { L.95 ‘103 “163 54 P 189
Tr. .09 .03 .05 .35 1,08 1,13
,02 11 .01 .02 .25 .69 1,08
.01 1,01 1,20
R I } 1.30 { 1.47 1.49
veseas 8,08 8,19 1,06
creess . 007 . 009 ereses sesece vessee
BaO iviveenoesnnns cevras PR ceenan- crasee cessns .013 PRI ceeess sesese cessee evvees
SO3 soseennsascnss eseses cesess PP . 027 5,030 essees . 00 .00 .00
Ignition 1088 4eseses .20 .40 .50 17 3,48 2,34 2,54 1,40 2,21 1,52 2,08
Totaleeesssess | 99.50 99,62 99,97 100,19 99,81 |1 97,61 95,97 |[7100.11 99,98 99,97 99,40 100, 04 99, 56
Class secrenennsess | 99,1,0 98,2,0 99,1,0 94,6,0 95,4,0 90,4,0 72,24,0 | 97,3,0 veeess | 84,12,1 | 80,14,2 | 95,5,0 78,16, 1
27 28 29 30 31 | 32 33 34 35 36 37 38 39
15A37-1 | 15A37-2 | 15A37-3 | 15A37-4 15A49-1 15A63-1 | 15A63-2 | 15A69-1 | 15A72-25] 15a74-2| 15A74-1| 15A74-3
Si0¢0eansnaascnss | 97.28 98, 02 97,81 98,24 97, 61 94,97 97.80 97,08 98, 00 86,79 87,00 95,40 96, 30
AlOjerernneesanes 96 .81 .13 .57 31,18 82,59 .52 4,44 4,01 1.33 1.28
Fes03eeecsccnsesss 5.80 5,26 5.35 5,35 .29 .55 5,84 5,72 .06 2,09 1.59 .29 .2
MEO:eeeeennnnnaes L04 .06 .05 .04 .06 .18 .06 .00 W11 .10
[oF. 1o .13 .08 .18 .06 .04 .10 cseses .04 asseee 1,10 .08 .08
NagO+KO vevvense | covees 3.30
HzO" ceveenanasane secees cesses evsves ceenes 1,00 ceeese
TiOs ¥ vevrneennene | ceceee .10 .23
P05 .« . ceres . 007 , 002 ceenes
S.. . PR . 002 . 018 vecess ceesee
8O3 sevevarenaseee | eneees . 028 .022 .00
Ignition 1088 +seeeas .73 .81 .72 12 54 121,09 creene ceeves 1,18 3,37 2,00
Totalesesesess | 99,94 100, 04 99, 98 99, 86 99,75 98, 64 97,80 99, 86 96,69 100, 00 99,5
Class sveveranaesss | 95,50 | 96,3,0 96,3,0 97,3,0 95,4,0 97,2,0 | 96,2,0 97,3,0 77,20,0 | 78,17,1| 93,6,0

! Includes MnO, .

2 Reported as RyO3, includes alumina
but not iron oxide,
® Includes undetermined manganese,

# Total iron.

® Total Fe (Clarke, 1915, p,220),

® Reported as other (chiefly alkalies).
" Includes ZrO, and V;05.
® Includes ZrO, and V,O5 if present.

? Not included in total,
 340°-1,000° C.

4 A¢ 1,000° C,

2 705°-1,000° C.

13 98,00 percent (Haworth and others, 1904, p. 79).
“ Insoluble siliceous residue.

15 Total sulfur,
6 99,58 in text.
7100.09 in text,
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DESCRIPTIVE NOTES

CFirst page number in reference indicates source of analysis]

Coloerado

Douglas County. Triassic(?) or Permian(?), Lykins formation, NE} sec. 34,
T. 6 8., R. 69 W,, Kassler quarry. (Vanderwilt and others, 1947, p. 263.)
Silica sand, white, fine-grained, soft. Small tonnage indicated,

Possible use: Window glass if washed.

Douglas County, Upper Cretaceous, Dakota sandstone. NE% sec. 11, T. 7S.,
R. 69 W., Molding Sand quarry. (Vanderwilt and others, 1947, p. 263.)
Silica sand, Use: Not suited for glass manufacture,

Douglas County. Dakota sandstone, SWi sec. 12, T.7S., R.69W., Helmer
quarry. (Vanderwilt and others, 1947, p. 263.) Silica sand, white,
fine-grained, soft, Iron-stained streaks eliminated by hand sorting.

Use: Window glass.

Information as in sample 3, (Presumably another sample from same area.)
Jefferson County. Lykins formation. SW} sec. 27, T, 6., R, 69 W.,

Little quarry, (Vanderwilt and others, 1947, p. 264.) Silica sand. Estimated
tonnage. Use: Glass bortles. Possible use: Window glass if washed,

(Las Animas County,) Dakota sandstone, (T.27S., R, 60 W,), 3 miles
southeast of mouth of Apishapa Canyon. Analyst, Stokes. (Stose, 1912,

p. 11.) Clay, from transitional beds at top of formation. Geologic maps,
Possible use: Refractories.

(Same sample as 6, Analysis calculated by compilers to include ignition loss.)
Park County, Oligocene, Antero formation. Tps. 10 and 11 §., Rs. 74 and

75 W,, and Tps. 12-16 S., Rs, 75 and 76 W., South Park. Analyst, Schroeder.,
(Johnson, 1937, p, 1229, 1234, 1235.) (Chert) white or light-gray; fragment
of silicified algal colony; originally algal limestone, Description of organism
which built colony. (For other analyses of algal limestone in Colorado see
sample 94 group B, samples 1 and 3 group C, samples 7 and 20 group Fy, and
samples 16 and 70 group F,; of this compilation,)

Kansas

Barber County. Permian, Whitehorse sandstone or Marlow formation. Sec. 4,
T. 32 8., R. 13 W, Lab, No. 1816, (Swineford, 1955, p. 122, 10, 11, 27,
125-127, 141, pl, 18,) Sandstone, light-red, cross-bedded, Index and
geologic map, generalized columnar section. Petrographic description,
photomicrograph, X-ray diffraction data, Use: Building stone,
Barber Cosnty. Lower Cretaceous, Cheyenne sandstone, T.318S,, R, 156 W,
Analyst, Runnels, Index map, Possible use: Glass or foundry sand.
10, Center sec, 18. (Rose, 1950, p. 96, 89, 94,) Sandstone, 24 ft
channel sample. Typical sample of Cheyenne sandstone,
11, Secs, 17-19, DH 7-10; Comanche County, NW} sec. 27, T. 31S.,
R. 16 W., DH-11, Lab, No, 50141, (Nixon and others, 1950, p, 76,
46, 50, 54, 56, 58, 62, 63, 68, 77, 79, 82, 83,) Sandstone, composite
of DH 7-11, Analysis of fraction passing 20 and retained on 100 mesh;
estimated tonnage. Logs of drill holes, percentages of iron, For
DH-10: Mineralogy, physical properties. For Cheyenne sandstone:
Photomicrographs; V, Cr, Cu, and Ag (ound in extremely small
quantities by qualitative spectrographic analysis.
Chautauqua County. Pennsylvanian, Stranger formation, Tonganoxie sand~-
stone member, and Lawrence shale, Ireland sandstone member (R, T. Rnnnels,
written communication, 1953) reported as Buxton formation and as St, Peter
sandstone. S3SE} sec. 19, T. 34 S,, R, 13 E., town of Niotaze, Analyst,
Steiger. Lab, No, 2227, (Burchard, 1906, p, 463, 462, 470, 471; Clarke,
1915, p. 220.) Sandstone, about 12 fi thick., Physical properties, Use:
Not suitable for glass sand,
12, Lab, No. 8. Sandstone, light yellowish-brown.
13, Lab, No. 7. Sandstone, white,
Cherokee Gounty, Mississippian, probably Warsaw limestone or Keokuk
limestone (R. T. Runnels, written communication, 1953), (T. 34 S.,R.24 E.)
town of Galena, Bonanza shaft. Analyst, Schneider; collector, Jenny. Lab,
No, 1205. (Clarke and Hillebrand, 1897, p. 253,)
14, Chert, altered.
15, Chert,
16. Chert, blue, unaltered.
County, formation, locality, collector, and reference as in samples 14-16,
Analyst, Eakins, Lab. No., 1208, Jasperite.
Cherokee County. (Warsaw limestone or Keokuk limestone) reported as
Upper and Lower Burlington, Galena, Analyst, Robertson, (Haworth and
others, 1904, p, 83, 76.)
18, Martin and Hughes mine. Lab. No. 517. Chert, light-drab, porous;
in fissures of primary chert,
19. Lab, No, 518, Chert, dark-brown, hard, somewhat granular and
earthy; small crystals of blende; in fissures of primary chert.
Cloud County, Dakota sandstone, Center NE{SW} sec, 32, T, 8S,, R. 2 W.
(McMillan and Wilson, 1948, p. 8, figs. 1-4.) Clay, gray, yellow, sandy;
auger drill hole A~12; depth 17-20 ft, Index maps, generalized columnar
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section; log of auger drill hole, (For another analysis from same measured
section see sample 52, group B of this compilation, )

Comanche County. Cheyenne sandstone. Sec, 27, T.31S,, R. 16 W,
Analyst, Runnels, (Nixon and others, 1950, p, 76, 46, 54, 56, 68, 77, 79,)
Sandstone, 30 ft channel sample; 1.8 percent by weight has grain size of

less than 1 micron; chemical analysis of clay from 1 micron fraction of sand
also given, Estimated tonnage. Index map. Possible use: Foundry or glass
sand. For Cheyenne sandstone: V, Cr, Cu, and Ag, found in extremely small
quantities by qualitative spectrographic analysis.

21, Lab. No. 50132, Analysis of fraction passing 20, retained on 100 mesh,

22, Lab, No, 50133, Analysis of fraction passing 100 mesh.

Ellsworth County. Dakota sandstone, Terra Cotta clay member, SE} sec,29,
T.15S,, R. 7 W. Analysts, Thompson and Runnels, Lab. No. EI-20-W5,
(Plummer and Romary, 1947, p. 139, 5, 10, 42, 43, 132, 138, 141, 142,
pl. 1.) Kaolinitic silt, also reported as highly siliceous fire clay, nearly
white, some yellow stain, smooth, very fine grained; 6,8 ft thick. Almost
all material passes 200 mesh, Index map, outcrop map; detailed measured
section, correlated columnar sections. Mineralogy, ceramic tests, physical
properties, Possible use: Structural products, refractories, pottery.

Graham County. Pliocene, Ogallala formation, (Frye and Swineford, 1946,
p. 63, 38, 39, 65, pl, 4.) Quartzite. Estimated tonnage, physical tests.
Index map, outcrop map. Use: Building stone, road material, railroad
ballast, concrete aggregate,

24, Sec.31, T.7S., R, 22 W,, 3 miles northeast of Hill City, Quartzite,

gray to greenish-gray, weathers dull, rusty-red; even-textured, medium
to coarse-grained; ge thick about 8 ft. Bulk density, 2.38,
Soluble in HCI1, 4,90 percent. Photomicrograph.

25, Sec, 34, T.8S,, R.22 W, Quartzite, gray-green, medium-grained,

somewhat cavernous. Bulk density, 2.41. Soluble in HCI, 3.62 percent.

26, Sec, 13, T, 8S,, R. 23 W, Quartzite, green; medium fine-grained

to conglomeratic. Bulk density, 2,37, Soluble in HCI, 5,62 percent,
Greenwood County. Stranger formation, Tonganoxie sandstone member and
Lawrence shale, Ireland sandstone member (R. T. Runnels, written communi-
cation, 1953) reported as Buxton formation and as St. Peter sandstone, SE}
sec, 13, T, 28 S., R, 12 E,, near Fall River, Analyst, Steiger. Lab, No. 2295,
(Burchard, 1907, p. 382, 380; Clarke, 1915, p, 220,) Sandstone, about 20 ft
thick, from different beds in same measured section. Possible use: Glass sand,
Kiowa county, Cheyenne sandstone. Secs. 9, 10, 15, 17, and 18, T, 30 S.,
R. 16 W. Analyst, Runnels. (Nixon and others, 1950, p. 76, 46, 50, 54, 56,
58, 60, 61, 68, 77, 79-82,) Sandstone, composite of DH 1-6, Estimated ton-
nage. Index map, logs of drill holes, percentages of iron. Possible use: Found-
ry or glass sand. For DH-4: Mineralogy, physical properties, sieve analysis,
For Cheyenne sandstone: Photomicrographs; V, Cr, Cu, and Ag, found in ex-
tremely small quantities by qualitative spectrographic analysis.

31, Lab, No. 50140, Fraction passing 20 and retained on 100 mesh.

32. Lab, No. 50139, Analysis of fraction of sample 31 passing 100 mesh,
Montgomery County. Stranger formation, Tonganoxie sandstone member and
Lawrence shale, Ireland sandstone member (R. T. 1s, written cc i-
cation, 1953) reported as Buxton formation and as St. Peter sandstone.

T. 34 8., R, 13 E, Analyst, Steiger. (Burchard, 1906, p. 463, 462, 4170,
471; Clarke, 1915, p, 220,) Sandstone. Physical properties. Possible use:
Glass sand,
33, Sec. 13, near town of Havana, Lab, No, 2295, Sandstone, pinkish-brown,
34, Sec, 36, 2 miles north of town of Caney, Lab, No. 2222, Sandstone,
light yellowish-brown.
Norton County, Ogallala formation. Sec, 15, T. 5S., R. 21 W, (Frye and
Swineford, 1946, p. 63, 38, 39, 67-70, pl, B,) Quartzite, green to gray-
green; miedium-~ 10 coarse-grained, cross-bedded; bulk density, 2.39.
Maximum thickness, 12 fi, Soluble in HCI, 2,78 percent. Estimated ton-
nage. Index map, outcrop map, physical tests, Possible use: Railroad
ballast, road material, building stone, concrete aggregate,
Ottawa County. Dakota sandstone. NWi} sec, 5, T. 9 S., R. 2 W, Auger
drill hole A-22, (McMillan and Wilson, 1948, p. 15, figs. 1-4.) Clay,
gray; 1,5-17 ft below swface, Index maps, generalized columnar section,
log of auger drill hole, Possible use: Ceramic products,
Phillips County. Formation, reference, and use as in sample 35, Quartzite,
Estimated tonnage. Index map, outcrop map; physical tests.
37, Sec.4, T.1S., R. 19 W,, 3-4 miles west of town of Woodruff; quarry,
Quartzite, green to gray-green; medium-grained to conglomeratic;
lenses 5-6 ft thick in sand and gravel. Bulk density, 2,63,
38, Sec.7, T.5S., R. 17 W, Bulk density, 2.3%, Soluble in HCI,
5,2 percent,
39, Sec, 23, T.5S,, R. 19 W, Bulk density, 2,39, Soluble in HCI,
3,60 percent.
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TABLE 1,— Analyses of samples from Colorado, Kansas, Montana, Nebraska, South Dakota, and Wyoming containing more than 75 percent uncombined silica

(Group A) common and mixed rock categories--Continued

Kansas Montana Nebraska
*40 41 42 43 44 45 46 47 48 49 50 51 52
15480-1 [ 15482-1 | 154103-1 [ 154103-2 | 154103-3 | 154103-4 | 154103-5 | 2541-2 2541-1 25A14-1| 25429-1] 26A10-2| 26A18-1
Si0zeuenerenneas | 17175 96.50 97.59 98.00 97.94 97.50 98,71 288,1 287.3 91.8 28,2 281,32 281,30
AlOgeenenenanann | vennn R U PR RO . 1.62 | ... 3.0 5.1 4,31 .8 .75 .13
Fe;03... 4.74 .32 .33 8,37 .63 3,43 8,19 2.5 3.0 .28 2.1 3,87 3.85
MgO....un. .80 .06 cens ceeenn None veens cevene .10 ceees 4.61 ‘.63
[orYo I 1.43 .44 Ceeees .10 .06 Ceaeen 45.34 45,33
NagO... R T o [ O .08 .16 .16
KO vvrrvoenanennan [ vnnen ceeen verees ceees P . W89 | ... .29 .34
HeO- vevvnvnnanenn | ennn . cene ceeres P . 1.08 1.08
PyO5eevenannncnns . crees 3.2 1.6 1.8 ‘1,64 41,63
MgOgevnnrennsns 12,08 ceeees cerees caene
SO5 vrurinnnrnnnns 4.86 .00 PO IO PR P . ceeees
Organic Matlele.vee | wuieees | vevese | weuens cersne P O I [ I cesene | wenees 1.06 1,06
1g0. 1038 eurnnnnnns 54,24 1.32 cerees 1.6 2.3 2.1
Total ........ 99.90 99.42 97.92 98.37 98.57 99.65 98,90 98.4 99.3 97.3 95.0 96,12 96,11
Class ...ovoouen... | 66,13,2 | 95,4,1 97,1,0 98,1, 0 97,2, 0 94,6, 0 99,0,0 | (80,15)0] (75,23)0| 84,14,0 | (84,950 | (76,12)5| (76,12)5
Nebraska South Dakota Wyoming
53 54 55 56 57 58 59 | 60 61 | 62 63 64 65
26A28-5 | 26A42-3 | 26A55-1 | 26A55-3 | 40A24-1 [ 40A52-1 49A1-1 49A1-2 49A7-1 | 49A11-1 | 49A19-1
S1024teceranas ... | *81.28 281.32 95,76 95.76 98,50 87,050 99. 04 99. 04 97. 92 97,92 94,76 95,46 97.81
ALOg.uevanniennss .75 .14 .48 .49 } 1.34 { 6.560 ceens 1,03 2,99 2,69 | ......
Fes08:uniannsennas 3.86 3.86 1.81 1,81 : .640 .13 .07 2.01 .20 .23 .18
‘.62 1.62 .16 .16 Tr. 1,243 T .13 .06
45,34 45,36 .24 .25 .11 .950 .47 21 a4 | L
.15 .16 .07 } 3.008 { .13 } 25
T2q ‘a3 0 . [PTUTE P T a .
1,09 1,09 rieae
41.64 41,64 ceees
1,07 1.06 veeree | eenee ceens PP
Ign., 1088 saueiunan 1,800 .89 . .25 1,10 1,18
Total ...uu... 96,07 96,18 98.45 98.55 99.95 101,251 99.77 100. 00 99,93 100, 00 99,83 99.96 98.18
Class ........ co... | (76,12)4 | (76,12)5 | 93,6,1 93, 6,1 96,4,0 | 78,22,0 98,2, 0 96, 4,0 vee... | 89,10,0 91,9,0 98, 0, 0
Wyoming
66 67 68 69 70 71 66 67 68 69 70 71
49A23-4 | 49A24-2 | 49A24-56| 49A24-54| 49424-18 | 49A24-48
S10suveensensnesss | 684,14 83,10 89,75 83,66 93.37 89.5¢ [lCO,..... None
ALOgeuecunsanans 75.79 6.02 .38 1.94 1.16 2.12 [[MnO.....| ...... Tr. Tr.
FesOg... 81,21 Tr. .06 .22 Tr. Tr. 8O3 voena| evenns 0,28 0, 05 0.06 0,31 Tr.
MgO.... .4 .21 .14 .21 .05 Tr. [o3 F R .03 .27 9,08 Tr
(o7 Lo .13 .80 .56 .16 .29 1.7 ||Org.matter| ...... .85
N8z0 veniernenans .99 2.18 .26 1.20 .11 1.12  |[ign. loss 121
K2Ovruvuornnsanns .50 .87 .12 .42 .02 .30 less HyO ; o
3270 5.56 6.73 9.36 11,60 4.17 5.13 Total... {1100,16 100,19 100. 71 100. 34 100, 41 99,92
TiOpeveesenasians .22 eeseos jIClass..., | 73,23,1 | 72,23,0 | 89,11,0 | 80,17,0 91,8,0 | 86,11,0
Semiquantitative spectrographic analyses .
[C=1-5 percent; D=0,1-1 percent; E=0,01-0.1 percent; F=0,001-0.01 percent; G =less than 0,001 percent; ND =not detected, Li, Be, Co, Ga, Ge, 4s, Cb, Cd,
In, Sn, Sb, Ba, Ta, W, Pt, Au, Hg, Pb, and Bi looked for in all samples but not detected]
47 48 50 47 48 50 417 48 50
Bueveerossnsonnnnnne F E F Voeererereaaroness E E F 2 E ND E
N2 civenenenesonnns F E ND Cleveasesieasnness E F ND [ S ND F F
MBerrosronsrnnnans E D D MBataeaessonnonss E E E 2 S F E E
Lo R [ [ [ Mi vevvuranenanans E F E MOseaanans F F F
Ti vevenrnnncsansns E E E CU severnnosnnsons G G G Y ND ND G

! Includes insoluble.
2 Insoluble. For samples 51-54 reported as insoluble (siliceous) matter,
$ Total Fe (Clatke, 1915, p. 220).
4 Calculated from reported MgCOg, CaCOy, and (or) lime phosphate.
® Reported as moisture and volatile,
6 *Soluble" silica, by 5 percent Na;COj solution, probably about 0.7

percent judged by analyses of similar material,

7 Includes P;05 . P,Os probably about 0.4 percent judged by analyses

of similar material,
® FeO probably absent.
9 Reported as NaCl,

10 peported as C, 0.78 percent;

11100.03 in text.

H, 0,07 percent.



41,

42-45,

46,

47-48,

49,

50,

51-54,

. Rice County. Upper Cretaceous, Dakota sandstone.
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(T.208., R.10W.),
3 miles north and 2 miles east of town of Raymond. Analyst, Whitaker.
(Whitaker and Twenhofel, 1917, p, 474.) (Analysis shows 12,1 percent
MngO,; suggests 4, 4 percent gypsum, 2, 8 percent more SOg than required far
gypsum,) Manganese "wad, " dark-brown to black, friable, soft, Surface
sample,
Rooks County. Pliocene, Ogallala formation. Sec, 10, T. 6 §., R. 19 W,
(Frye and Swineford, 1946, p, 63, 39, 62, 71, plL. 8.) Quartzite, green to
brownish-green; fine-grained to conglomeratic; in lentils. Bulk density,
2.39, Soluble in HCL, 5,10, Estimated tonnage. Index map, outcrop map;
physical tests, Possible use: Railroad ballast, riprap, road metal,
Wilson County. Pennsylvanian, Stranger formation, Tonganoxie sandstone
member and Lawrence shale, Ireland sandstone member (R. T. Runnels,
written comrunication, 1953) reported as Buxton formation and as St, Peter
sandstone, Analyst, Steiger. (Burchard, 1906, p, 463, 462, 470, 471;
Clarke, 1915, p, 220.) Sandstone. Physical properties. Possible use: Glass
sand.
42,
43,

55-56,

51T,

Sec, 20, T, 29 S., R. 14 E, Lab. No. 1, Sandstone, grayish-white.
Secs, 20 and 21, T,29S,, R. 14 E. Lab, No, 2, Sandstone, grayish-
white,

T. 29 8., R. 14 E., 5 miles southwest of town of Fredonia. Lab.

No. 4. Sandstone, yellowish-brown.

T. 29 S,, R, 15 E., 1.5 miles southeast of Fredonia, [ab. No. 3.
Sandstone, light-gray, micaceous, porous; grains angular; coarser
than other sandstones in vicinity; cross-bedded; 6 ft exposed.

County, formation, analyst, name and use as in samples 42-45, (T, 30 8S,,
R. 16 E., town of Neodesha,) Lab, No, 2222, (Clarke, 1915, p, 220,)

58,

44,

45,

59,

Montana 60,
Beaverhead County. Permian, Phosphoria formation, NWiSwi sec. 23, 6;‘
T. 9 S., R, 9 W,, near Sheep Creek Canyon. Spectrographic analyst, 23'
Mortimer, Index, outcrop map; generalized columnar section. (For other *
analyses from same measured section see samples 1-3 group B, sample 1
group D, and samples 15-18 group P; of this compilation. )

47, Lab. No, ERC-51, (Swanson and others, 1953b, p. 18, 2, pL. 1.) 64
Sandstone, cherty; bed C-12; 7.2 ft thick, 5.2 ft from top of *
member; trench sample,

48, Lab, No, LAT-78. (Swanson and others, 1953b, p. 16, 2, pl, 1,)

Mudstone and chert; bed E-10; 10,2 f thick, 1.9 ft from top of 65
member; trench sample, *
Fergus County. Upper Cretaceous, Eagle sandstone (U. M. Sahinen, written
communication, 1957), Sec, 23, T. 17 N,, R, 18 E,, about 3 miles south-
west of town of Hilger. (Robertson, 1950, p. 66, figs. 1,2.) Silica sand, 66.
light-gray; grains slightly rounded; loosely consolidated, Channel sample
across 7 ft of lower part of exposure. Index map, generalized geologic map; 61-71

screen analysis, Possible use: Molding sand, green or amber glass,

Madison County, Phosphoria formation, SE{NE} sec. 35, T.5S., R. 1 E.,
near Jack Creek, Spectrographic analyst, Mortimer, Lab, No. RWS-103-47,
(Swanson and others, 1953b, p. 5, 2, 7, pl. 1,) Chert and quartzite;

bed 21; 8,6 ft thick; 47.5 ft below top of formation, Trench and outcrop
sample. Index, outcrop map; generalized columnar section.

Nebraska

(Pleistocene.) Analyst, Aughey.,
p. 267.) Loess,
51, Buffalo County., (T.8 N., R. 15 W,) bluffs near town of Kearney.
62, Clay County. (T.7N., R. 5 W.) near town of Sutton,

(Aughey, 1876, p. 246; Aughey, 1880,

Nebraska~~Continued

53,
54,

Douglas County. (T. 15 N., R, 14 E.) near town of Omaha,
Harlan County. (T.Z2 N., R. 19 W.), Republican Valley, near
town of Orleans.

Lancaster County, Dakota sandstone, (T. 10 N., R. 6 E.)

55. Robber’s Cave, near town of Lincoln. (Burchard, 1907, p, 382, 381;
Condra, 1908b, p, 195.) Sand, iron-stained, Most of sand caught
on meshes 30, 40, and 50, Possible use: Green or dark glass,
if washed.

(May be same as sample 55.) Near Lincoln, Analyst, Barowman,
(Condra, 1908b, p, 44, 42, 43,) Sand, light-yellowish or brownish
color; angular to rounded quartz grains coated with iron oxide.
Possible use; Low-grade glass,

56,

South Dakota

Fall River County. Pennsylvanian, probably Minnelusa sandstone. (T.7S.,
R. 5 E.) town of Hot Springs. (Carpenter, 1888, p, 168.) Sandstone, reddish,
Use: Building stone.

Pennington County. Lower Cretaceous, Fuson shale. (T.1N., R.7E.),
Rapid City. (Todd, 1902, p. 104, 103,) Clay, light-gray, compact, con-
choidal fracture, Possible use: Refractories.

Wyoming

Albany County. Pennsylvanian, Casper formation. Sec. 25, T, 16 N.,
R. 73 W., 3 miles east of town of Laramie, (Osterwald and Osterwald, 1952,
p. 62.) Glass sand, white, friable, soft, Thickness, 2-4 ft; overburden,
0-10 ft thick. Partial stratigraphic (measured) section. Use: Glass,
Probably another analysis of sample 59. (Haugh, 1942, p. 63.)
Information as in sample 59,
Probably another analysis of sample 61, (Haugh, 1942, p. 63.)
Fremont County, Upper Cretacecus, Fox Hills sandstone. (T, 27 N,,
R, 98 W.), St. Mary's Peak. Analyst, Brewster. Lab. No. 98, (Hague,
1871, p. 155; King, 1878, table 7A.) Sandstone, steel-gray, compact,
bedded,
Laramie County., Dakota sandstone. (T. 16 N., R. 69 W.) outlying ridge
north of Wahlbach Spring. Analyst, Brewster, Lab, No. 99, (Hague, 1877,
p. 41; King, 1878, table 7TA.) Sandstone, yellowish-brown, fine-grained,
even textured,
Sweetwater County., Upper Cretaceous, Laramie formation. (T. 18 N.,
R. 101 W.), Black Butte. Lab, No. 96. (King, 1878, table 74, p. 336, 337.)
Sandstone. Description of Black Butte area.
Weston County. Upper Cretaceous, Mowry shale, upper part, Sec. 7,
T. 48 N., R, 65 W,, near town of Thornton. Analyst, Fairchild; collector,
Rubey, Lab, No, C-870. (Rubey, 1929, p., 157.) Siliceous shale, weathered.
Yellowstone National Park, (Recent,) Upper Geyser Basin.
67, Artemisia Geyser. Analyst, Whitfield; collector, Weed., (Clarke,
1918, p. 223,) Siliceous sinter,
68-69, (Allen and Day, 1935, p. 145, 232,) Siliceous sinter, air-dried,
Index map.
68, Biscuit Basin, 50 ft from Mustard Geyser.
69. Near Daisy Geyser.
70-71, Analyst, Whitfield. (Weed, 1889a, p. 670.) (Minor differences
in constituents and amounts, see Clarke, 1915, p, 223,)
70, Emerald Spring. Siliceous gel, light-pink, bouyant.
Air dried,

71, Old Faithful Geyser. Sinter, white, compact.
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TABLE 1,— Analyses of samples from Colorado, Kansas, Montana, Nebraska, South Dakota, and Wyoming containing more than 75 percent uncombined silica

(Group A) common and mixed rock categories~-Continued

Wyoming
72 3 T4 75 6 77 8 79 80 81 82 83 84
40A24-176 | 49A24~7 49A24-8 49A24-6 | 49A24-20| 49A24-4 | 49A24~75| 49A24-55 | 49A24-26 | 49A24~23 | 49A24-24 | 49A24~15| 49A24-21
94,0 92, 64 79,56 95, 84 86, 10 93,88 86.9 85,40 83,35 88,48 88,60 92,26 85,85
1
Tr, .46 Tr, 1,96 1,73 .62 .90 .88 1,18
1.60 1.
FefOgesnvnnnvnsnns | 1.0 .60 Tr, 2.68 | e |f3S .10 .10 Tr. { Tr. .
MgOuseensossoanne ceesne Tr. 1,78 Tr. .07 .20 .09 Tr. Tr. .06 .30
Caliveeessonscess 1,03 1,54 .28 .25 .16 .92 .18 .95 1,48 1.85
NazO cevecrennnnes esesse seeses .28 .84 .98 vesans
5.3 conves vesane cesesns 22,00 3.317 8,00 12,42 13,90 10,40 33,75 4,97 24,00
.20 .05 .05 . None ceanes
Tr. 4,18 .14 .15 . Tr.
Ignition 1088 «.vesass 13,42 1,50 10.20 5,25 5.75
Totalessueaess 100,3 100, 52 5 96,76 100, 02 101, 26 100, 33 98,5 100, 74 6100, 65 99, 94 100, 15 99, 95 99, 69
ClasS veeernnenenss | 93,7,0 92,1,2 79,12, 6 93,7,0 82,19,1 91,8,0 81,18,0 84,14,0 82,117, 0 87,13,0 86, 13,2 90,8,0 83,13,4
85 86 87 88 89 90 91 *92 *03 94 95 96 97
49A24~10 | 49A24-11| 49A24-9 | 49A24-14| 49A24-5 | 49A24-77] 49A24-78| 49A24-81| 49A24-82 | 40A24-79| 49A24~-80 49A24-17| 49A24-3
Si0geeecannnccanns 87.14 81,56 83,83 90, 85 94, 40 90, 10 95,4 87,10 89,00 90,0 87.3 92,72 85, 08
A0,
1.6 . [ . . . . . .
FesOs. } 7 1,65 83 79 Tr 2.6 2.2 1,71 { 2,65
.23 .46 Tr. None sesece ceosen Tr. Tr,
.49 +55 .46 None ceesee 1.6 . .56 1,67
.68 .48 censes crseen ceeres cosvee
9,19 9,30 11,02 1.90 5,02 8.00 2,5 10,60 8,00 5,0 10.3 4,81 710,67
MgClyeereanecanns veesae cevans 4,00 sesvee csenas sesene resees ceecan ceecan sessne serese vesees cenene
Totalsssansoan 100, 00 100, 00 98,85 100, 04 100, 21 98,10 97.9 97.170 97,00 99,2 99,8 99, 86 100, 07
Class vesnseeensres | 84,14,0 85, 14, 0 84,11,0 89,10, 0 93,1,0 90,0,0 95,0,0 817,0,0 89,0,0 86,11,3]| 84,16,0 90,10, 0 80, 17,3
98 99 100 101 102 103 104 105
49A24-16 | 49A24-19| 49A24-1 | 40A24-22| 49A24-13 | 49A24-12 | 49A24~53 | 49A24-52
92,67 93,60 83,1 85.175 90, 28 89,72 98,26 98, 24
} 142 { 106 1% a1 2.20 { Sl PP 1.76 1.62
Tr. Tr.
Tr. Tr. .07 Tr.
.66 .50 .85 .30 2.01 .18 .18
96,25 3,95
. . 1
5.22 4,71 { 25.75 1.86 7.34 .20 .10
TOAleaeeoersnsensnasensasasessnsssssncnsnasasenssasassasasensnacess| 100,14 99, 87 97,9 100, 80 99, 28 100, 09 100,40 100, 14
cssansnan 90,9,0 92,8,0 81,17,0 82, 17,2 85,14, 1 88,10, 0 95,5,0 96,4, 0
By spectroscopic examination
73 T4 15 16 81 82 84 101
tesesssessl weseas cesane Tr, Tr. Tr. Tr. Tr. Tr,
vessrene Tr. Tr. Tr. Tr. Tr. Tr. Tr.
. ceeses receee Tr. Tr. Tr. Tr. Tr.
. cesaee Tr. cresen seseee cesace cesaas cesane

! Also reported as 0. 046 percent by Peale (1873, p. 154),
2 At 110° G,

% At 100° G,

4 Reported as NaCl.

597,76 in text.

® Less O equivalent to Cl, 0,03 percent, Total, 100,62,

7 Reported as loss on ignition, water, and organic matter.
® Includes FeO.
? Reported as ignition loss.
1 Includes organic matter.
M Corrected (Clarke, 1915, p. 223).
2 Reported as S.
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Wyoming--Continued

Yellowstone National Park. (Recent.) Upper Geyser Basin,

72, Near Black Sand Geyser, Analyst, Endlich, (Peale, 1883, p, 413,)
Pealite, pinkish, translucent in places; conchoidal fracture;
hardness, 6,5-7, Index maps,
Giant Geyser. Analyst, Endlich,
white, red, layered, opalescent,
older than sample T4,

Giant Geyser. Analyst, Endlich. (Peale, 1873, p. 158, 154.)
Typical specimen of geyserite; covered with pearly beads; from top
of cone,

Giamt Geyser. Analyst, Endlich. (Peale, 1873, p. 153, 154.)
Pealite, milky-white, amorphous, dull, subconchoidal fracture;
hardness, 6-6. 5; bulk density, 2,4903,

Spring near Grotto Geyser, Analyst, Peale, (Peale, 1873, p. 156,)
Geyserite, greenish-gray, dull; conchoidal fracture; hardness outside,
3; hardness inside, 6.

Solitary Spring. Analyst, Whitfield, (Weed, 1889a, p, 670; Weed,
1889b, p, 35T7; Weed, 1891, p. 168,) (Minor discrepancies occur in
naming of constituents and their amounts when more than one version
of the analysis is found in the literature,) Sinter, white, opaque,
light, porous.

Three Crater Group, Muddy Spring 24, Analyst, Leffmann, (Peale,
1883, p. 412, 408,) Geyserite, red, uneven fracture; hardness, 4,
Index maps.

Locality, 100 ft from Tortoise Shell Spring, (Allen and Day, 1935,
p. 145, 232.) Siliceous sinter, air-dried, Index map.

Near Tortoise Shell Pool., (Allen, 1934, p, 378, 379.) Siliceous
sinter, silica entirely opaline.

Yellowstone National Park, (Recent.,) Lower Geyser Basin.

81, Between Fountain Geyser and Mud Puffs, Analyst, Peale, (Peale,
1873, p. 158, 146.) Geyserite coating on wood, light-pink, beaded,
translucent, vitreons,

Great Fountain Geyser. Analyst, Peale, (Peale, 1873, p, 145,)
Geyserite pebbles; up to 3. 0 inches in diameter, concentric layering.
Surprise Geyser, Analyst, Whitfield; collector, Weed, (Clarke,
1915, p. 223,) Siliceous sinter, incrustation from margin of crater.
From back of Twin Buttes. Analyst, Peale. (Peale, 1873, p. 146,
158.) Geyserite, rusty-brown, vitreous, conchoidal fracture,
irregular composition; hardness, 5.5-6,

Analyst, Austen, (Peale, 1873, p, 158,) Geyserite. Bulk density,
1,97,

86, Analyst, Hitchcock, (Peale, 1873, p, 158.) Geyserite,
Yellowstone National Park, (Recent.) Lower Geyser Basin or Upper Geyser
Basin, Analyst, Peale, (Peale, 1872, p. 187,) Geyserite, white, canliflower-
like form; hardness, 5; bulk density, 1,866,
Yellowstone National Park, (Recent,) Excelsior Geyser Basin, Analyst,
Whitfield; collector, Weed, (Clarke, 1915, p, 224,) Incrustation of
siliceous sinter,

88, Incrustation, compact, opaline; from bottom layer.

89, Incrustation, from top layer.

13. (Peale, 1873, p. 154,) Geyserite,

From lower layer of cone, much
74,
75,

76.

1.

78,

9.

80,

82,
83,

84,

85,

Wyoming--Continued

90-92, Yellowstone National Park, (Recent.,) Gibbon Geyser Basin, Index maps.

90. Spring 25, near Opal Spring. Analyst, Leffmann, (Peale, 1883,

p. 411, 409,) Geyserite, white, laminated, uneven fracture;
hardness, 5,

Spring 66. Analyst, Endlich. (Peale, 1883, p, 414,) Pealite,
white, conchoidal fracwre; hardness, 5,5, Much altered deposit
from site of old spring.

Pearl Geyser T0, Analyst, Leffmann. (Peale, 1883, p. 412, 409, 410,)
(Analysis suggests deposit is opal with 10, 6 percent HyO.) Geyserite,
greenish~-gray, yellowish-white and pearly, irregular fracture;
hardness, 6.

91,

93-95. Yellowstone National Park.
Leffmann. Index maps,

*93, Deluge Geyser, from onter basin. (Peale, 1883, p. 412, 409, 410,)

(Analysis suggests deposit is opal with 8, 0 percent HyO.) Geyserite,

light-pink, laminated, rosettelike projections or nodules on surface;

hardness, 5.

Rustic Geyser, outer basin. (Peale, 1883, p. 410, 412.) Geyserite

pebble, chalky~white surface, porcelainlike inside; irregular con=

choidal fracture; hardness, 5.5,

Rustic Geyser, (Peale, 1883, p, 410, 412,) Geyserite, When fresh,

translucent; when dry, white, opaque; hardness, 5.5-6.,

(Recent.) Heart Lake Geyser Basin. Analyst,

94,

95,

96-99, Yellowstone National Park.
Whitfield; collector, Weed.
96, Coral Spring, (Clarke, 1915, p. 223.) Siliceous sinter.,
97, Minute Man Geyser, (Clarke, 1915, p, 224,) Black coating.
98, Vixen Geyser, (Clarke, 1915, p, 223,) Sediment,

99, (Clarke, 1915, p. 224.) Opal.

(Recent,) Norris Geyser Basin, Analyst,

100-102, Yellowstone National Park. (Recent.) Shoshone Geyser Basin.
100, Bronze Spring, (Leffmann, 1883a, p. 105.) Geyser deposit in
convoluted layers with bronze surfaces; powder, fawn-colored;
hardness, 5.5.
101, Geysers of Shoshone Lake. Analyst, Peale, (Peale, 1873, p, 157,
158.) Geyserite, grayish-white, dull, amorphous, iregular com-
position; hardness, 5.5,
Platform near Union Geyser. Analyst, Chatard; collector, Weed.
(Clarke, 1915, p. 224, 223,) Incrastation of siliceous sinter.

102,

103, Yellowstone National Park, (Recent.) Asta Spring, Hillside Group.
Analyst, Whitfield, (Weed, 1889a, p. 670; Clarke, 1915, p. 223.)
Moss sinter. Much of sinter composed of moss stems; other parts have
spaces filled with friable white silica and light-gray opal. Bulk density,
1. 7122,

104-105, Yellowstone National Park. (Recent.) Roaring Mountain, (Allen and Day,
1935, p, 400, 232, 399,) Surface deposit, siliceous, thin, covers mountain
side, Index map, mineralogy.

104, From south end of mountain, 250 ft above base.

105, From mouth of steaming fumarole,
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CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

TABLE 2,— Analyses of samples from Colorado containing uncombined silica and clay each less than 75 percent; uncombined silica and clay

[samples of mixed rock category indicated by an asterisk (¥). Chemical analyses arranged by county and stratigraphic position]

each greater than carbonates (Group B) common and mixed rock categories

Colorado
1 2 3 4 5 6 7 8 9 10 11 12
5B1-1 5B6-1 5B6-2 5B7-1 5B7-2 5B7-3 5B7-9 5B7-5 5B7-10 5B7-4 5B7-6 5B7-8
65.40 62.20 57.76 74.67 61.05 60, 31 63.309 60. 31 63,92 54,30 61,30 62. 55
16,91 14,19 18.65 14,54 20.18 16.61 14,380 15,76 15.90 15,02 15,03 16,00
2.69 2.6 3.75 1.66 3.47 2.33 6.2170 5.69 4.10 9.48 4,67 5,55
............ e 1.70 .859 ceeees e
Tr. None .29 .63 1.14 2.46 2,570 2.21 2.26 2.86 2,23 1.90
1.65 5.28 2.80 .65 1,14 2,91 1,810 2,20 2,53 4,08 2,45 2.04
.32 .34 Tr. .15 Tr. .99 2.190 .18 2.23 .43 .18 Tr.
1.40 .63 2.75 1.59 2.18 2.95 1.280 2.63 .25 2.64 3,54 2,79
...... s s 14,52
3.42 1,71 3,52 .70 1.76 11,15 2,053 1.94 1,52 1.68 .11 1.36
cereee | e e 2.81 ceenns A Tt T
Tr. Tr. Tr. verene Tr. A2 1 Ll Tr. PPN Tr. Tr. Tr,
7.36 13,34 9.68 5.50 9. 09 31,34 5.223 7.72 6.79 9.11 9.62 7.33
TOtalieerseereseaaass | 99.15 ]4100,3 %99.20 100. 09 100. 01 100.20 99, 944 99,24 99. 50 99. 60 99,79 99,52
ClaSS vvuvunnvananasnnoanenaas | 32,62,3 | 34,56,9 | 21,70,6 | 47,49,2 | 21,72,4 | 28,58,6 | 31,60,0 | 26,63,5 | 31,59,4 | 17,70,6 | 29,58,9 | 28,63,4
13 14 15 17 18 19 20 21 22 23 24
5B7-11 5BT-1 5B7-12 5B7-14 5B7-15 5B16-1 5B16-2 5B17-3 5B18-4 5B18-5 5B18-6
Si0zesesessssarranssessasans | 66,31 61,38 62,23 65.97 69.16 60,97 69.27 83.95 64.73 72.35 67.04
ALOg.uuunrireienanans 13.69 15.80 17.65 16.02 19.82 15,67 13,51 68,92 19,36 14.64 17.60
Fe05..aeennns 4,41 5,50 2,35 4,28 1.58 5.22 3.74 .48 2.19 2.16 2.05
FeO...... ceene .35 1,02 RE
‘Mgo... 1.58 2.55 .62 1.47 Tr. 1.60 1.09 .97 1,97 1.01 .98
Caluiveinnenennnennns . 2.28 2,53 .82 1.46 .99 2.77 2.29 12 .81 .81 1.48
NazO veevvennensnnenns . 1.19 1.05 .67 .18 Tr. .97 1.70 .06 Tr. Tr. .22
KyO... 2,22 1.82 1.38 1.80 1,98 2,28 3,14 3,09 .48 2.94 .61
1.68 1.85 1,60 .22 .60 79.83 T4.19 81.90 .37 .29 2.99
............ .19 .45 None
...... e, Tr. ceeees
Tr. v | e | e . Tr. T Tr. Tr.
[ eovsrresaase cesene sesens cesees | aveenn N eees Tr. PR
A tivereriiiiiiiiiiieraaeas e | .04 vevees | e
= essane tesese Tr. coeens
IGNITIoN 108S v evunvrnnananannns 6.40 7.87 12,13 9,08 8.13 6.58 003 Loy, 10 None 10,42 6.04 5,32
Totalesssrsnenenaannes | 99.76  [M100.35 99,45 99, 30 99,53 100. 66 100,16 100, 40 99,66 100.33 100,24 98,29
Class ...... T [T ..137,53,4 | 27,63,5 | 28,66,3 | 24,70,3 | 33,59,6 | 32,652 | 27,64,1 | 41,50,0 | 68,28,1 | 28,66,6 | 44,50,4 | 34,61,1
25 26 217 28 29 30 31 32 33 34 35 36
5B21-1 5B21-2 5B21-3 5B21-4 5B21-5 5B22-1 5B22-2 5B23-1 5B23-2 5523-3 5B25-1 5B28-1
S10geannenrrnnsanences veer.. | 66.00 59,66 58,18 59,34 84,60 63.4 72.56 61,08 65. 44 71.02 60.81 67.09
ALO3eevienananes veserenress | 10,94 17,33 14,42 10.91 9.50 21,1 17.86 13,15 1.46 14,06 16.22 17.67
FEs05. 0 0errneserasonnenenenas 2,51 3.66 6.63 9,14 .27 1.3 1.14 3,20 1.14 5,94 3.88 2.88
MEOuuseernnasssesonnanranns . 2.45 2,03 4,89 3.08 1,0 .1 .90 3,86 7.30 2,417 .47 Tr.
Calivrvnvnnane 2,80 1.47 3,13 2.63 Tr. .49 5.59 5.76 1.26 2.64 2.20
N2;0...... Tr. .25 .31 .59 50 | ... .73 .62 Tr. .79 .85 Tr.
KO ueuns 1,47 1.70 2.29 2.12 0T | el Tr. 3.54 1.45 .65 2.20 1.85
H0- ..... 3,78 3,11 3,50 3,05 09 [ ... . .57 1.20 .32 1.32 1.37 1.44
8O3 vuvarennerararnnneesasnas 1.14 .82 1,28 P Tr. Tr. .42 Tr. .20
IgNITION 1085 cuvuueerrerannnnns 8.95 9.15 6.53 7.76 3.88 11.4 6.83 9.39 11.02 3.89 9.38 | ¢ T7.22
TOtaleeeerenernnnns ...| 100,04 99,18 99,88 99.90 | 99.9 97.9 101,08 101,63 {'*100.31 101,40 97.82 [ !100.55
CLASS oo veevnnonnceansnniasees | 44,44,9 | 25,656 | 25,63,3 | 30,58,6 | 68,30,2 | 25,72,1 | 40,58,3 | 34,49,11 | 51,26,18 | 39,57,0 | 28,61,6 | 33,62,4

' H,0+ above 100° C; H,0- at 100° G,

2 Reported as loss by drying.
s Reported as organic matter.
*100.35 in text.

®99.30 in text,

® Includes TiO,.

" Reported as HO (ignition).

8 Reported as HpO by ignition.
? Clarke, 1915, p. 268,

1 Reported as COz .
12100.29 in text.
2 100,52 in text.
13100.21 in text.
% 100.51 in text.,
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Colorado

1-5, Upper Cretaceous, Analyst, Tremaine. Index map. Ceramic tests, physical

properties, mineralogy.
1, Adams County, Laramie(?) formation. T.1S,, R, 67 W,., 1 mile
west of town of Brighton, Lab, No, 4, (Butler, 1915, p, 342, 153,
154, 318, 319,) Clay, yellow, brown, and green, Fine-grained to
sandy, thin to thick beds; medium-hard, 50 ft exposed, overburden,
1-2 ft, Possible uses Brick.

of town of Las Animas, Lab., No. 12, (Butler, 1915, p, 342, 155-

157, 818, 319,) Clay, gray, medium-fine, sandy, massive, medium-
hard; 5 ft exposed, overburden, 1 ft, Possible use: Brick, earthenware,

viuified and unvitrified floor and roofing tile, sewer pipe.

3. Bent County, Carlile shale, T.22S., R. 53 W., 8.5 miles northwest
of Las Animas, Lab, No, 15, (Butler, 1915, p, 342, 155, 157, 318,

819.) Shale and clay, gray to black, fine-grained, medium-hard;
35 ft exposed, overburden, 6 ft, Possible uses Brick, drain tile,
sewer pipe, earthenware.

4, Boulder County. Dakota sandstone. T. 1 N., R, 71 W., in Polecat
Canon near town of Boulder. Lab, No, 45, (Butler, 1915, p, 342,
158, 165, 318, 319.) Clay, gray, medium-grained, very hard,
massive; 5 ft thick, Possible use: Brick.

5. Boulder County. Graneros shale, Sec. 19, T,1S,, R, 70 W,
Lab, No. 57, (Butler, 1915, p, 342, 158, 168, 320, 321.) Shale,
gray with white streaks, very fine grained, soft; 20 ft exposed.
Possible use: Brick, earthenware,

6. Boulder County. Upper Cretaceous, Niobrara limestone, argillaceous beds
above base, NE} sec.5, T.2 N., R, 70 W, Analysts, Phillips, Brobst,

and Bates, Lab. No, 158, (Martin, 1909, p. 324.) Clay shale, composite

sample from outcrop. Possible use: Cement material,

1. Boulder County. Upper Cretaceous, Pierre shale, (T.1N,, R, 70W,),
Boulder, Lee yard, Analyst, Stoddard. (Fenneman, 1905, p. 74.) Shale,
selected sample, Use: Brick.

8-14, Boulder County. Pierre shale. Analyst, Tremaine, (Butler, 1915, p, 342,
158, 165-178, 320, 321.) Index map. Ceramic tests, physical properties,
mineralogy. Possible use: Brick.

8. Boulder, yard of Austin Pressed Brick Co. Lab, No, 50, Shale, yellowish-
green, medium-fine, gritty, medium-hard; contains numerous fossils,

concretions, and much gypsum; 30 ft thick, overburden, 2 fi.

9. Boulder, Boulder Pressed Brick Co, pit. Lab, No.49. Shale, yeliowish~
green, dark-gray and hard in lower part, medium-fine; bands and con-
cretions of lime and iron carbonates; 50 ft thick, overburden, 3-10 ft,

10, Near Boulder, Adamant Brick Co, pit. Lab, No, 47, Shale,
yellowish-green and gray, medium-grained, medium-~hard to soft,
thin beds; 40 ft thick, overburden, 1-3 ft.

11, W} sec. 4, T. 2 N., R, 70 W., west of town of Longmont. Lab, No.
66, Shale, dark-gray, very fine grained, soft; some large concretions

of lime and iron carbonates; 80 ft exposed.

12, Sec, 32, T.3 N., R, 69 W,, Longmont, brick company pit. Lab,
No, 76, Clay, yellow-green, fine-grained, medium-hard, thick
and thin beds; some grit; 15 ft exposed, overburden, 1 ft. Sample
of 11 ft of clay, Possible use: Earthenware, drain tile,

13, NW} sec. 29, T.1S., R, 70 W. Lab, No, 55. Shale, yellowish-

green, soft, somewhat gritty, coarsely granular on weathered surface;

15 ft exposed, overburden, 2-6 ft. Possible use: Earthenware,

14, Sec.30, T.15S,, R, 70 W. Lab. No, 56, Shale, blue-gray, fine-
grained, medium-hard; 50 ft exposed, overburden, 3 fi.

15-18, Boulder County, Laramie formation, Analyst, Tremaine. (Butler, 1915,
p. 342, 158-161, 318, 319,) Clay. Index map, Ceramic tests, physical
properties, mineralogy.

15, T.1S,, R. 69 W,, 1 mile south of town of Louisville, Centennial
mine, Lab, No. 28. Clay, gray, fine-grained, very hard, thick-
bedded; 3 ft sampled, probably 10 ft available. Possible uses Brick.

16, Centennial mine. Lab, No. 30, Clay, gray, fine-grained, soft,
soapy feel, thick-bedded; 4 ft sampled, probably 30 ft available,
Possible uses Earthenware,

17, Near Louisville. Lab, No, 19, Clay, yellowish-green, fine-grained,

somewhat gritty, medium~-hard; thin beds contain thin coal layer;
30 ft exposed, Possible use: Brick. .

18, T.1S., R, 70 W., town of Marshall, Old Rosser mine, Lab, No, 22,

Clay, cream~colored, somewhat gritty, very hard; 5 fu thick,
Possible use: Brick, vitrified and unvitrified floor tile,

19-20, Denver County. Pleistocene, probably equivalent to Peorian loess (G, R. Scott,
written communication, 1956), (T. 3 S., R. 68 W.) town of Denver. Analyst,

Eakins. (Emmons and others, 1896, p, 263, 262.) Loess, Mineralogy.
19, Contains grains of eruptive rock. Sampled at depth of 20 ft.
20, Typical of Denver loess. Sampled at depth of 8 ft.
21, Dolores County. (Pennsylvanian, Hermosa formation, Sec. 6, T. 40 N,,

. Bent County, Dakota sandstone, T.23S,, R, 52 W,, 4 miles south

22,

23-24,

25-28,

29,

30.

31,

32-36,

Colorado-~-Continued

R. 11 W.), Logan mine, Rico district. Analyst, Hillebrand. (Ransome,
1901, p, 287, 288,) Sandstone, near limonite layer, Mineralogy.

Douglas County. Dakota sandstone, lower part. T, 6 S,, R, 69 W., 0,75
mile east of railroad station at Platte Canon. Analyst, Tremaine, Lab, No.
120, (Butler, 1915, p, 342, 181, 186, 326, 327,) Clay, black to dark-gray,
fine~grained, gritty, hard; 5 fu thick, 100 ft below top of formation, Index
map, Ceramic tests, physical properties, mineralogy. Possible use: Brick,
vitrified and unvitrified floor tile.

Douglas County. Analyst, Tremaine, (Butler, 1915, p, 342, 181, 187, 322,
323,) Index map, Ceramic tests, physical properties, mineralogy.

23, Carlile shale. Locality, 1 mile east of railroad station at Platte
Canon. Lab. No, 122, Clay, yellow, medium fine-grained,
medium-hard; 12 ft sampled, overburden, 3 ft. Contains 4 thin
gypsum seams in sampled thickness. Possible use: Earthenware,

24, Laramie formation. T. 6 S,, R, 68 W,, 3 miles east of railroad
station at Platte Canon. Lab., No. 123, Shale and clay, dark-gray,
medium fine-grained, soft; 10 ft sampled, overburden 10 ft,

Possible use: Brick.
El Paso County. T. 14 S., R. 67 W., Colorado City. Analyst, Tremaine,
Index map, Ceramic tests, physical properties, mineralogy.

25, Dakota sandstone, Lab, No. 156, (Butler, 1915, p, 343, 188, 196,
324, 325,) Shale, gray to black, fine-grained; soft to medium-hard;
10 ft thick, overburden 3 ft, Possible use: Refractories,

26, Graneros shale. Lab. No. 152, (Butler, 1915, p. 343, 188, 195,
324, 325,) Shale, dark-gray to black, medium fine-grained,
mediumr-hard; 60 ft thick, overburden 1 ft, Possible use: Brick,

27. Pierre shale, Ben Brewer Brick Co, yard, Lab, No. 145. (Butler,
1915, p. 342, 188, 194, 324, 325.) Shale and clay, gray, black,
and brown, fine-grained, sandy, hard; 20 ft sampled, exposure much
thicker, Overburden, 6 in. -~ 10 ft. Possible use: Brick, earthenware,

28, Piemre shale. Lab, No, 149, Pressed Brick and Fire Brick Co, (Butler,
1915, p. 343, 188, 194, 324, 325,) Shale and clay, gray to black,
medium fine-grained, medium-hard. Contains bacculites and impuri-
ties; 18 ft sampled, exposure much thicker, Possible use: Brick.

El Paso County. Upper Cretaceous and Eocene, Dawson arkose. T. 12 S.,
R. 62 W,, near town of Calhan, Standard Fire Brick Co. Analyst, Tremaine,
Lab, No, 148, (Butler, 1915, p, 342, 188, 194, 326, 327,) Clay. Index
map. Ceramic tests, physical properties, mineralogy, Possible use:
Refractories,

Fremont County., Lower Cretaceous, Purgatoire formation, Glencairn shale
member. NE}NW% sec. 20, T, 18 S,, R, 69 W., Standard Fire Brick Co.
mine, Lab, No. 91, (Waagé, 1953, p. 97, 3, 6, 30, 53, 80,) Plastic
clay, dark blue-gray, from 5-8 ft bed near top of member. Index map,
generalized columnar section, Use: Low-grade to semirefractories.
Fremont County. Purgatoire formation, or Dakota sandstone, T. 19 S.,

R, 70 W., 3 miles southwest of Canon City, Diamond Fire Brick Co. Analyst,
Tremaine, Lab, No, 175. (Butler, 1915, p, 343, 201, 202, 324, 325.)
Clay, dark-gray, medium coarse-grained, hard; 20-40 ft below top of
formation, Index map, Ceramic tests, physical properties, mineralogy.
Possible use: Refractories.

Analyst, Tremaine. Index map. Ceramic tests, physical properties,
mineralogy.

32, Garfield County. Pennsylvanian, probably Paradox formation (N, W.
Bass, written communication, 1956). T.7S., R, 87 W., 18 miles
south of town of Glenwood Springs. Lab, No, 205, (Butler, 1915,

p. 343, 208, 209, 326, 327.) Clay, brown. Possible use: Brick,
earthenware, unvitrified floor tile.

33, Garfield County. Probably Paradox formation (N. W, Bass, written
communication, 1956). T. 7 S., R, 88 W,, 7 miles south of Glenwood
Springs, Glenwood Pressed Brick and Plaster Co, Lab, No, 206, (Butler,
1915, p. 343, 208, 209, 326, 327,) Shale, gray to brown, medium-fine,
gritty; medium-hard; 15 ft thick, Use: None.

34, Garfield County. Eocene, Wasatch formation (N. W. Bass, written com-
munication, 1956), T. 6 S., R.93 W,, 1 mile north of town of Rifle,
Buckle's Brick yard. Lab. No. 211, (Butler, 1915, p, 343, 208, 211,
326, 327.) Shaly marl, purplish, medium coarse-grained, gritty,
medium-~soft; 15 ft sampled, overburden, 4 ft, Possible use: Brick.

35, Grand County. Upper Cretaceous, Mancos shale. T, 2 N,, R. 78 W,,
2 miles north of town of Hot Sulphur Springs. Lab. No. 218,

(Butler, 1915, p. 343, 212, 213, 326, 327,) Shale, black, very
fine-grained, medium-hard, sampled at intervals on several hundred
foot exposure. Use: None.

36. Huerfano County. Purgatoire formation. T.26S., R, 64 W,, about 6 miles
northeast of Cuchara junction. Lab, No, 231, (Butler, 1915, p, 343,
216, 218, 328, 329,) Shale, dark-gray with white streaks, fine-
grained, medium-~hard; thin beds interbedded with thicker sandy layers;
8 ft thick. Possible use: Brick, earthenware, unvitrified floor tile,
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TABLE 2,— Analyses of samples from Colorado containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--Continued

Colorado
-37 38 39 40 41 42 43 44 45 46 47 48 49
5B28-2 5B28-3 5B28-4 5B28-5 5B30~2 5B30-3 5B30-4 5B30-5 5B30~6 5B30-17 5B30-8 5B30~9
Si02eseeassaannnar | 76,96 71,27 60,91 61,69 66, 42 63, 29 60, 66 63, 05 65,17 66. 50 60,79 53,17 64, 86
AlOgueeenseennnes | 20,77 19,24 18,77 19,55 21,19 20,93 19,84 13,83 16,73 19,52 16,88 17,36 20,00
FeyOs. 111 4,39 3.65 2,98 2,42 3.26 3,42 3,07 2.33 3,12 2,74 2.55
3,24 2,32 1,08 .97 1,00 1. 00 .90 Tr. 1,00 3.65 2.30
1,36 1,25 2,35 1,05 2,15 3,83 4,64 .91 3.13 3,22 1.95
105 1,04 1.83 Tr. .18 .27 .18 .54 .28 .24
2,19 2.40 2,83 165 3,16 2.61 1,80 2.66 2,05 2.31 3,02
1,40 2,34 .78 .80 1,40 1.42 1,90 187 185 2,37
7.39 T.16 9,50 5.15 8.76 8,80 11,60 6.52 6,79 10,50 13,39 5,01
99.89 | 100,47 |2103,74 |3103,78 99.83 99.85 | 100.74 | 00,52 | 100,79 | 100,48 97,97 | 102,30
ClASS eevuveenvases | eseees | 86,62,2 | 23,68,3 | 23,70,7 | 26,70,0 | 24,71,4 | 22,69,6 | 35,54,9 | 32,59,8 | 29,67,2 | 27,62,9 | 19,63,13 | 27,68,0
50 51 52 53 54 55 56 57 58 59 60 61 62
5B30-10 | 5B30-11 | 5B30-12 | 5B30-13 | 5B30-14 | 5B30-15 | 5B30-16 | 5B30-17 | 5B30-18 | 5B30-19 | 5B30-20 | 5B30-21 | 5B30-22
veveees | 65,77 73,23 66.53 63,61 69,05 73,61 63.69 68, 02 71,69 69,48 71,30 64,66 66, 03
veveeee | 12,69 13,98 17,18 17.43 14,78 13,56 16,20 13.90 10,89 12,44 13,56 18,96 16,50
crerene 3,16 2,12 3,62 3,37 2,72 2,44 3,90 3,65 2.91 4,56 4,39 4,44 4,10
.95 .80 145 72 .38 115 .90 1,03 .61 .82 1.26 .91
veees 114 1,83 1,50 2.11 2,93 1.39 2,77 2.28 2.93 2.11 .98 1,22 1.30
2,19 .18 .15 .05 .18 .38 .28 .23 .30 .19 .27 .18
2,79 1.07 2,16 .98 .42 109 2,73 1.52 1,78 1.36 124 12 .40
3,39 175 165 3,17 2,14 1.90 3.04 .49 1,36 161 1.46 .65 1,85
Ignition 1088 ... .. 7,18 5,95 6,73 8,88 7.20 5.65 7.11 8,73 6,27 7.49 6,44 8,62 7,99
Totalyeeveeses | 99,26 | 100,91 | 100,97 99,60 | 100,14 | 100,38 | 100.59 99,77 | 499,09 99,96 | 100,38 | 100,20 99,26
Class vuveeenesnens | 40,50,4 | 46,49,4 | 32,62,3 | 29,66,4 | 40,53,6 | 47,49,3 | 31,61,4 | 39,53,6 | 49,41,6 | 42,51,5 | 42,53,3 | 26,69,5 | 32,62,4
63 64 65 66 67 68 69 70 71 72 73 74 75
5B30-23 | 5B30-26 | 5B30-25 | 5B30-24 | 5B30-27 | 5B30-28 | 5B30-29 | 5B30-30 | 5B30-31 | 5B30-54 | 5B30-32 | 5B35-9 | 5B35-1
Si0g4scessascsaces | 63.14 72,16 5,07 70,67 71,44 73.32 66, 46 66,45 70, 86 71,81 72.312 | 67,37 60.36
15,21 15,58 13,93 15,70 18,72 13,26 18,49 21,65 13,93 15,09 12,664 7,84 14,82
3,39 1,37 137 3,65 1,38 3,54 3,26 165 5,92 51,75 4,669 .30 138
2,61 1,01 1.56 .87 .56 .49 Tr. .8 .01 ,05 944 4.40 1,29
3,20 1.06 113 .6 .41 .51 .41 .57 .65 14 1,147 6,07 7,74
.18 .63 Tr. Tr. . 037 .35 Tn. 1,13 .47 } Loz { 2,472 L4 .20
2,70 1,22 1,45 1.30 11 .29 .28 11 44 . 3,748 2.38 .61
HO- covevrnnnenen | 484 167 .| 139 109 .55 .72 .61 .61 .25 } 0.4 ) fLI9T | L6 { 195
PyO5icenrerstvanee | sevees | wevens | eeeene | eeesne | eeeees | vevene | eeseee | eeeens | eeeeae | eseens 0228 | seeens | eeeees
SO3 cosssestencoce Tr. Tr. Tr. cessee sesees cecens cenese csesen
Ignition loss ....... 7.32 5,20 5.84 5,91 6.15 6.5¢ 9.00 7,63 7.08 veeere | eeeees | 79,00 11,24
Totaleesereess | 99,19 99,90 | 101,74 99.95 | £99,36 99, 02 98,51 | 100,58 | 100,51 | 100,00 99,981 | 101,12 99,59
ClaS8 veveeennrenss | 32,556 | 43,52,2 | 49,47,4 | 39,57,2 | 37,61,2 | 46,51,2 | 30,67,1 | 26,70,3 | 40,57,8 | 45,52,0 | 45,47,0 | 52,26,19| 33,50,16
76 77 78 79 80 81 82 83 84 85 | 86 87
5B35-2 | 5B35-3 | 5B35-4 | 5B35-5 | 5B35-8 | 5B35-6 | 5B35-7 5B36-2 5836-3 5B39-1
74,90 61,49 74,25 59.36 63.48 58. 71 60, 01 85,25 81,34 85,98 81,83 63,44
12,07 15,51 11,48 18,40 13,16 18,33 14,45 11.45 10,92 13,67 13,01 16,28
4,08 3,59 102 5.20 4,44 6.37 3,75 2,24 2.14 .41 .39 4,51
.65 2.35 .78 1.23 .53 .91 1.41 .21 .20 1,38
.73 3.74 5,05 .98 5,22 1,95 5,29 .26 .25 .21 .20 .82
Tr. T, Tr. Tr. .93 .46 Tr, cesane PR rerees cesees 1,02
2,46 2,87 197 2,03 1.63 3,13 3,15 2,12
.83 .86 .97 157 1.83 2,02 127 5.69
SO3 esevssnnssacssssssccnacan essonn vesene Tr. Tr. Tr. .43 seeens PP PR cevees PR
IgNILION 1055 wvveunensnsnsenens | 3,74 9.43 4,43 10,42 7,43 8,71 10,36 | 1(4.81) 4,59 | L(5.07 4,83 3,85
TOlalierereneronsennncnes | 99.46 99, 84 99,95 99,19 98,65 | 100,65 | 100,12 99,41 99,44 | 100,27 | 100.26 | 099,11
ClIasS vuvreneraneeansannsnens | 49,47,0 | 30,56,10] 53,38,3 | 21,72,4 | 35,52,7 | 19,73,5 | 30,54,12 | .eeees | 60,39,1 | ...... | 58,41,0 | 30,64,0

! Not included in total,
210140 in text.
% 100,80 in text.
4100,09 in text,
5 Reported as FeO,

6 Reported as H;O (ignition).

7 Reported as COj.

899,39 in text,
999,17 in text,
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Colorado--Continued

Huerfano County, Upper Cretaceous, Dakota sandstone. (T. 25S., R. 64 W.),
3 miles southwest of Jones Spring, Turkey Ridge. Analyst, Stokes. (Stose,
1912, p, 11,) Clay, from transitional beds at top of formation. Geologic
maps, Possible use: Refractories.

(Analysis of sample 37 calculated by compilers to include ignition loss. )

Huerfano County. Upper Cretaceous, Pierre shale, T. 28S., R, 66 W,,
town of Walsenburg, Analyst, Tremaine. Lab. No. 226, (Butler, 1915,

p. 343, 216, 217, 328, 329.) Clay. Index map. Ceramic tests, physical
propetties, mineralogy. Possible use: Brick, earthenware, drain tile.
Huerfano County. Pierre shale. Walsenburg. Analyst, Tremaine, Lab,
No, 225, (Butler, 1915, p. 343, 216, 217, 326, 327.) Clay. Index map. Ce-
ramic tests, physical properties, mineralogy. Possible use: Brick, earthenware,
Huerfano County. Recent, Walsenburg. Analyst, Tremaine. Lab. No, 224,
(Butler, 1915, p, 343, 216, 326, 327.) (Clay) sandy, soft; 5 ft exposed in
pit. Index map, Ceramic tests, physical properties, mineralogy. Possible
use: Brick,

Jefferson County. Upper Cretaceous, Graneros shale. T. 3 S., R. T0 W.,
north of town of Golden. Analyst, Tremaine, Lab. No., 272, (Butler, 1915,
p. 343, 223, 229, 330, 331.) Shale, black, very fine grained, hard, 8 ft
sampled. Index map. Ceramic tests, physical properties, mineralogy.
Possible use: Brick, earthenware, vitrified and unvitrified floor tile.
Jefferson County. Pierre shale. T. 28S., R. 70 W,, north of Golden,
Analyst, Tremaine. Index map. Ceramic tests, physical properties,
mineralogy.

43-44, (Butler, 1915, p. 343, 223, 229, 330, 331,)

43, Lab, No. 273, Clay, drab, very fine-grained, medium-soft,
Possible use: Brick, if grogged.

44, Lab, No., 274, Clay, drab, coarse-grained, sandy, medium-
soft. Possible use: Brick, earthenware,

(Butler, 1915, p. 344, 223, 229-232, 330, 331,)

45, Lab, No, 276, Shale, light-drab, medium coarse-grained,
sandy, medium-soft. Possible use: Brick, earthenware.

46. Lab. No. 277, Shale and clay; cream-colored, fine-grained,
soft. Possible use: Brick and earthenware, if grogged.

47, Lab, No, 278, Shale, drab, fine-grained, sandy, medium-
soft. Possible use: Brick.

48. Lab. No., 279, Shale, drab, fine-grained, sandy, medium-
soft. Use: None.

49, Lab, No. 280. Clay, drab, medium fine-grained, hard,
Use: None.

50, Lab. No, 281, Clay, drab, fine-grained, hard. Possible use:
Brick, earthenware,

51. Lab, No. 282, Clay, drab, coarse-grained, medium-soft,
sandy, Possible use: Brick, earthenware, if grogged,

52, Lab. No. 283. Clay, yellowish-drab, medium coarse-grained,
sandy, hard. Use: None.

53, Lab. No. 284, Clay, drab, medium coarse-grained, sandy,
hard. Possible use: Brick and earthenwate, if grogged.

54, Lab, No. 285, Clay, drab, medium fine-grained, sandy,
medium-soft. Possible use: Brick, earthenware, if grogged,

55, Lab, No. 286, Clay, drab, medium coatse-grained, sandy,
medium-soft, Possible use: Brick.

56, Lab, No. 287, Clay, yellowish-drab, medium fine-grained,
sandy, hard, Possible use: Brick, if grogged.

57. Lab. No. 288, Clay, drab, fine-grained, soft. Possible use:
Brick, if grogged.

58, Lab. No. 289. Clay, drab, coarse-grained, sandy, soft,
Possible use: Brick.

59, Lab. No, 290, Clay, drab, fine- to coarse-grained, sandy,
bard. Possible use: Brick, if grogged.

60. Lab. No, 291, Clay, brown, coarse-grained, sandy, hard.
Possible use: Brick.

61, Lab, No. 292, Clay, drab, fine-grained, soft. Use: None.

62. Lab. No. 294, Clay, yellowish-drab, medium-grained, sandy,
soft. Possible use: Brick, if grogged.,

63. Lab. No. 295, Shale, yellowish, medium coarse-grained,
sandy, medium-hard. No ceramic tests or physical properties
given, Possible use: Vitrified brick.

Jefferson County. Upper Cretaceous, Laramie formation. T. 5S., R. 69 W.,
3 miles east of town of Morrison. Analyst, Tremaine. (Butler, 1915, p. 343,
223, 225, 328, 329,) Index map. Ceramic tests, physical properties,
mineralogy.

64, Lab. No. 258, Shale, gray, medium fine-grained, hard; 12 ft
sampled, overburden 2 ft, Possible use: Brick, earthenware, vitrified
and unvitrified floor tile.

45-63,

67-71,

72,

3.

4,

75-18,

79-82,

83,

84,
85,

86,
817,

Colorado--Continued

65, Lab, No. 257. Shale, gray, medium fine-grained, soft; 15 ft
sampled, overburden 1 ft, Possible use: Brick, earthenware,
vitrified and unvitrified floor tile, stoneware,

66, Lab. No. 256. Clay and shale, gray, red, and yellow; medium fine-
grained, soft; 10 ft thick, overburden 3 ft. Possible use: Brick,
earthenware, vitrified and unvitrified floor tile,

Jefferson County. Laramie formation. T. 3 S., R. T0 W,, west of Golden,
Analyst, Tremaine. (Butler, 1915, p. 343, 223, 228, 328-331.) Clay.
Index map, Ceramic tests, physical properties, mineralogy. Possible use:
Brick,

67. Lab, No, 267, Bed 50 ft thick, 50 ft from top of formation. Contains
sandy layers. Possible use: Vitrified floor tile.

68, Lab, No. 268, Bed 25 ft thick, 100 ft from top of formation.
use: Earthenware,

69, Lab, No, 269, Bed 12 ft thick, 200 ft from top of formation.
use: Earthenware,

70, Lab, No, 270. Bed 15 ft thick, 250 ft from top of formation.

71, Lab, No. 271, Bed 10 ft thick, 250 ft from top of formation.

Jefferson County, Laramie formation, (K. M, Waagé, written communication,
1958). Golden. (Ries, 1895, p, 554-555.) Crucible clay,

Jefferson County. Pleistocene, Golden. Analyst, Hillebrand. (Emmons and
others, 1896, p., 263.) Loess, surface sample,

Larimer County, (Triassic(?) or Permian(?), Lykins formation. Sec, 32,

T. 5N., R. 69 W.) near entrance to Big Thompson Canyon. Analyst,
Brewster. Lab. No. 102, (Hague, 1877, p. 35; King, 1878, table 7A,)
Sandstone, deepred, fine-grained, friable, laminated. Typical specimen,
Larimer County, Analyst, Tremaine. (Butler, 1915, p. 344, 234, 239, 241,
243, 332, 333,) Index map, Ceramic tests, physical properties, mineralogy.

75, Upper Jurassic, Morrison formation, near base. Sec. 17, T. 5 N.,

R, 69 W. Lab. No. 316. Shale, light-gray, medium-grained, matly,
medium-hard; 20 ft thick, overburden, 1 or more ft. Possible use:
Brick, unvitrified floor tile,

76. Morrison formation, Sec. 6, T. 5 N., R. 69 W, Lab., No. 323, Clay,
gray, medium fine-grained, very hard; 8 ft thick, Possible uses Brick,

71. Dakota sandstone, lower part, Sec. 8, T. 6 N., R, 69 W. Lab. No.
330, Shale, black, fine-grained, hard; 6 ft thick. Possible use: Brick.

78, Dakota sandstone, Sec, 17, T. 5 N., R. 69 W., west of town of
Loveland, Lab. No. 317, Clay, gray to light bluish-green, sandy,
medium-hard, jointed, Two beds, 4 ft thick, between layers of hard
sandstone. Possible use: Brick, earthenware, vitrified and unvitrified
floor tile.

Larimer County. Analyst, Tremaine. Index map. Ceramic tests, physical
properties, mineralogy.

79, Graneros shale, Sec, 9, T. 6 N., R, 69 W, Lab, No, 334, (Butler,
1915, p. 344, 234, 244, 332, 333,) Shale, black, fine-grained,
medium-hard; 100 fe thick, Possible use: Brick.

80, Pierre shale, Sec. 25, T. 5 N., R. 68 W., southeast of Loveland,
Lab, No, 310, (Butler, 1915, p, 344, 234, 237, 330, 331.) Shale,
yellowish-green, slightly gritty, soft; contains gypsum; 10 ft exposed,
overburden, 1 ft, Possible use: Brick, earthenware, drain tile,
vitrified floor and roofing tile.

81, Pierre shale, near base, Sec, 16, T. 5 N., R, 69 W,, west of
Loveland, Lab, No. 313, (Butler, 1915, p. 344, 234, 238, 330,
331,) Shale, black and brown, fine-grained, medium-hard; 20 ft
exposed, overburden, 2 ft, Possible use: Brick, earthenware, vitrified
and unvitrified floor tile.

82, Piere shale. Sec. 4, T, 6 N., R. 69 W., Poudre Valley Pressed Brick
Co, pit, Lab. No, 332, (Butler, 1915, p. 344, 234, 243, 332, 333.)
Shale, yellowish-green, slightly gritty, fine-grained, soft; 60 ft thick,
overburden, 1 ft, Possible use: Brick, earthenware.

Las Animas County, Dakota sandstone. (T. 26 S., R, 61 W.), 5 miles west
of mouth of Apishapa Canyon, Analyst, Stokes. (Stose, 1912, p, 11.) Clay,
transitional beds at top of formation, Geologic maps. Possible use: Refractories,
(Analysis of sample 83 calculated by compilers to include ignition loss. )
County, formation, analyst, reference, and use as in sample 83. (T. 27 S.,
R. 61 W,), 3 miles southeast of mouth of Apishapa Canyon., Clay, transi-
tional beds at top of formation, Geologic maps. (Overlies sample 6,

group A of this compilation. )

(Analysis of sample 85 calculated by compilers to include ignition loss. )
Mesa County, Upper Jurassic, Flaming Gorge group. (T. 1S5., R. 1 W.),

2 miles south of town of Grand Junction, Analyst, Tremaine, Lab. No, 396.
(Butler, 1915, p, 345, 260, 261, 334, 335,) Shale, greenish-gray, very
fine grained, medium-hard; 50 ft thick; contains layers of sand., Index

map, Ceramic tests, physical properties, mineralogy, Possible use:

Brick,

Possible

Possible
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TABLE 2, Analyses of samples from Colorado containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates
(Group B) common and mixed rock categories--Continued

Colorado

89 90 91 93 95 96 98

5B40-2 5B43-1 5B43-2 5B45-1 5B50-1 5B51-1 5B51-3

64,46
12,95
2,38
2,36
3,17

-45 2,55 {

6.31
.21

61,176
10,62
5,51
.97
4,11
2,38
.09
6,02
.58
.07
1.38

65, 48
8,41
2,44

.70
4,07
2,58

.20
5,63

.59

.07
2.20

1.82

63,67
17,20
3,85

74,49
16,317
1,63

68,08
19,50
1.9

80,0
7.7
2,17

Si0g.csesesosscnsnssscesnsasssasenesssee
AlOq. ..

Fez0300sesserascrnsasscsncsnsssssccnaces

FEO tivrnarircasesanrsaseacsassnnsasnnne

Tr.
.99
.78

2,45

2,08

.21

.66
Tr.
1,40

MO, uevsaesontennasnsasanecscesssnenen

Ca0 . eeeceesasacsssessascsaasnsasessnnce

TiOp vensesess
V205 evvevenans
COzavnnenes
SOs eeevnnee
Ignition loss .

Tr.
8,01

. 4,78

eeecee

15,42

6,66

sessse eseese

secess

T, 9,44 5.1

Total... .| 101,22

26,170,0

99,81
39,53,0

100,15
37,48, 8

100, 19
48,36, 9

98,81
35,54,6

99,08
29, 65,2

97,6
40, 29, 27

99,4
31,67,1

99,1
57,37,4

100 101 102 | 108 104 | 106 107

5B51-6 5B51-5 5B51-17 5B51-8 5B51~10 5851-11

86,79
58,29
.15
.13
.34

76. 56
8.30
.38
.24
.12

78,07
20,22
.89
.26

cesees

72,62
18,81
.83
.24

86.58
12,72
.45
11
.11

82.65
12,14
.43
11
.11

58.8
19,5
3.9
1,8
1.4

60,5
17,15
4,4
2,0

2.2

seeese

.25
53,178

Tr.

44,40
41,26
.60

.06
28,31

PEYETIY sseses seenne cecsese sevsee ceesee

ersens sesacs sessee seesse sseses cssees

T esessecenrssesectsettssserettsscnssarsnstesens sessns eeseen cesoee sessee esease sesses

TiOg eeveesecaseacnassnascassanssconcnssssaseosnass sesses

.05

eesnee sessns seesne ceseee sesese cesese

P205eseessserssscscessnscecssssnscescnsnsscconnsnns

Ignition 0SS eeeceesssessesesovavacsscssecanssoransse

sscase

5 (7.51)

6,99

PERETRY

(4.75)

evesee

4,53

seeses

11,6

9,95

S

sesene

97,49
. 41,54,1

100, 38
71,28,0

100,23
61,38,0

99,44 99,49

38,61,1

99,97

99,97
61,39,0

97.0
20,171,6

96,2
25, 63, 8

TOtaleeceaesseonsaastoncsocesssresensssnssnssne

100,20
29, 66, 0

110 111 *113 114 115 116 | 117

5851-617 5B51-13 5851-16 5B51-15

5B854-1

5B57-1

60, 60
16,42
4.95
1,43
1,61
.92
2,98
45,72
43,91
.35
.31

63,15
21,48
2,12
.31
1,22
L12
3,16

58,85

15,56
3.20
3.00
4,30
Tr.
3.25

srrees

2,09

58,83
18,77
3.48
2,14
3,11
W97
2,50

1,49

68,40
13,93
2,62
.44
2,817

117,51
} 518,34

.25
.12
.06
2,41
71,31
8,58
.02
None

65
AlOjeeasesasannnsnnsoanes

Feg03ecesrenens

MEOseeteseessesensesescrssssescnsosssnosnssnsoncns

37

sesese

Ca0.issursrnasanesessscsssnancecsasssscnnnssnnsns
Na0....

KO toveeietoesnsnnssosocnesasasvonssanssssassssnas

cesees

R R R T T R I R sessee

ceesns 2,81
.20
8,04 2,00

ceeres

1,90

. cessee ereses

o eeeses ceeses cesaee
. 1,60 teeres revens None veeres
o eeeses None

.37
.05
.06
3,50
.05

semsse

. esasss ssesen

sessae ceesne

UDgeesseacasecassansscscssosccscsassoscnssascnsnes] sonses cesees

ssssen seesse

seasne

o T cesaes cesans ceeens ceesae

R T e ceeeen versae cerene ceenee seesns ceenas [

V205 seeseteteencersncescnansssssssssresasssnrases

IGOITION 1055 < yusvrarsenasnnenesnnsessnsnnsnsonnonnes

saseae

16, 62

sesssn

2,84

ceesan

7.80

sessne

22,87

6,90

9.00

1,74

7,42

98,94
18, 65, 11

100, 04
26, 66, 0

101, 26
23,172,8

100,20
28, 63,0

999,97
28,55, 5

10100, 29
22, 66,17

1299, 93
55,38,0

111379

S N

98.19
41,50,6

97,27
30,59,5

Cla88 eoeesnneneeasasassssensassasusssanasasnaransas

Semiquantitative spectrographic analyses
£C=0.1-1.0 percent; D=0, 01-0,1 percent; E=0,001-0, 01 percent, The following elements looked for but, if present, in quantities below these limiting values: Rb, 10 percent;
Cs, Tl, 1 percent; P, Se, Ge, As, la, Ce, W, Re, Hg, Th, U, 0.1 percent; Cb, Cd, Nd, Ta, Pt, 0,01 percent; Be, Co, Zn, Y, Mo, Ag, Sb, Ir, Bi, 0,001 percent]

90 91 90 91 90 91
Beveserrnaresioansnsonnnceesas E E 8 D E ZI veseuseessssasscasccsananan C C
D D . D D seesee D
Mheoesaoasssoaossnacsonnnsnes D D SEeasesassvasnsassnrescoseanns C C B2 cesessscsencscacacsnnrssses D D

lReported as HO+.

% Reported as organic matter,

3 Includes TiO,.

* Hy0+ above 100°C; H,0- at 100°C,
® Includes organic matter,

® Not included in total,

" HyO+ from soluble portion, 0., 14 percent at 105° - 300°C;
0, 97 percent above 300° C, H,O+ from insoluble portion,
0, 20 percent above 105° C,

8 At 105° C.

* 99,70 in text.

10100.35 in text,

M Zircon and other minerals not decomposed by HF1 and
H,SO,4 equal about O, 3 percent.
Li, Cu, Mo, and Bi, each reported as trace,

1 Reported as about 65 percent $iOz, 7 percent AlOy
(Fe;03, TiO;). (To meet summation of sample 116,
S0, figured as 64, 95 and Al,05 (FegOg, TiO) as 6.99.)
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Colorado--Continued

Mesa County, Upper Jurassic, Flaming Gorge group. T.1S,, R, 1 W,,
2 miles south of town of Grand Junction. Analyst, Tremaine, Lab. No, 394,
(Butler, 1915, p, 345, 260, 261, 334, 335,) Shale, red, very fine grained,
medium-hard; 20 ft thick, Index map, Ceramic tests, physical properties,
mineralogy. Use: Brick, earthenware,
Mineral County. Miocene, Creede formation (P, C, Patton, written com-
munication, 1957), (T, 42 N., R, 1 W,) near town of Creede, Peerless Clay
Co, (Nutting, 1943, p, 178, 141, 151,) Montmorillonite. Bleaching tests.
Use: Bleach,
Montrose County, Upper Jurassic, Morrison formation, Salt Wash member.
Sec, 1, T. 46 N., R. 17 W,, Bitter Creek mine, Analyst, Sherwood; spectro-
graphic analyst, Waring, (Weeks, 1951, p, 10, 8, 14; Waring and Annell,
1952, p. 25.) Mineralogy.

90, Red clay, underlying vanadium-bearing ore.

91, Gray clay, underlying vanadium-bearing ore,
Morgan County. Upper Cretaceous, Fox Hills sandstone, (T. 4 N., R. 58 W.)
west of town of Fort Morgan. Analyst, Tremaine. Lab, No, 407, (Butler,
1915, p. 345, 264, 265, 336, 337.) Shale, yellowish-green, somewhat gritty,
medium-hard; 20 ft sampled, overburden 3-4 ft, Index map. Ceramic tests,
physical properties, mineralogy, Possible use: Brick.
Otero County. Upper Cretaceous, Carlile shale, upper part. (T, 24 S.,
R. 55 W, ) south of town of La Junta, near plant of La Junta Brick and Tile
Manufacturing Co, Analyst, Tremaine. Lab. No, 421, (Butler, 1915,
p. 345, 268, 269, 336, 337,) Shale and clay; gray, medium fine-grained,
medium-hard; 45 ft sampled, overburden up to 3 ft, Index map. Ceramic
tests, physical properties, mineralogy. Possible use: Low-grade brick,
Park County, Pennsylvanian, Weber formation, SW% sec, 6, T, 13 8.,
R. 77 W., Salt Creek. Analyst, Hills. (Johnson, 1940, p. 593, 573, 576-5178,
590.) Algal limestone, Description of organism which built colonies. Index
map, detailed measured section, (For other analyses of algal limestone in
Calorado, see sample 8 group A, samples 1 and 3 group C, samples 7 and 20
group Fy, and samples 16 and 70 group F;; of this compilation. )
Prowers County. Upper Cretaceous, Dakota sandstone, (T. 23 S., R, 46 W,),
5.5 miles south of town of Lamar on Clay Creek, Analyst, Tremaine. Lab,
No, 426, (Butler, 1915, p. 345, 270, 271, 336, 337,) Clay and shale; gray
to brown, fine-grained, hard; 3 ft thick, Index map. Ceramic tests, physical
properties, mineralogy. Possible use: Brick, vitrified and unvitrified floor
and roofing tile, earthenware, stoneware,
Pueblo County, Lower Cretaceous, Purgatoire formation, Glencairn shale
member, Ni}NW% sec. 6, T.25S,, R. 65 W,, Vulcan mine, Standard Fire
Brick Co. Lab, No. 94, (Waagé, 1953, p, 97, 3, 6, 53, 88, pls, 1-3,)
Plastic clay, dark-gray; 9~20 ft thick. Index map, generalized columnar
sections. Possible use: Low grade to semirefractories,
County, formation, and reference as in sample 96. Sec, 36, T. 18S,,
R, 67 W,, Turkey Creek Canyon, Lab. No, 87. Plastic clay, sandy. Index
map, outcrop map, geologic map; generalized columnar sections.
Information as in sample 97. Lab. No. 88,
Pueblo County., Dakota sandstone, Dry Creek Canyon member, NW cormer
NE} sec. 35, T. 22 S., R. 67 W., Rock Creek mine, Standard Fire Brick Co.
Analyst, Davidson, Lab. No, 30. (Waagé, 1953, p. 95, 3, 6, 21, 44, 53,
74, pl. 5.) Sandstone with flint clay matrix, spot sample; about 42 inches
below top of flint clay. Index map, outcrop map, geologic map; detailed
measured section, generalized columnar sections, Use: Refractories, (For
other analyses from same measured section see samples 35 and 36 group D,
and sample 45 group Hk, of this compilation, )

Pueblo County, Dakota sandstone. Analyst, Steiger. (Gilbert, 1897, p. 17,
6.) Geologic maps. Possible use: Refractories,

100, (T.18S., R. 67 W.) near head of Pierce Gulch. Fire clay, light~gray.

102-105,
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*113,

114,

115,

116,
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Colarado--Continued

101, (T.23S., R, 67 W.) head of Rock Creek Canyon, Fire clay, nearly
black, contains fossil leaves,
Pueblo County. Dakota sandstone, (T. 25 S., R, 63 W.), Jones Spring,
Analyst, Stokes, (Stose, 1912, p, 11,) Clay. Geologic maps. Possible use:
Refractories.

102, Clay; 13 ft below top of formation.

103, (Analysis of sample 102 calculated by compilers to include ignition
loss, )
Clay; 12 ft below top of formation.

(Analysis of sample 104 calculated by compilers to include ignition
loss, )
Pueblo County, Upper Cretaceous, Graneros shale. Sec, 22, T. 22 S,,
R. 67 W., Snake Creek, Lab, No, 1, (waagé, 1953, p. 95, 3, 6, 53, pl. 5.)
Clay shale, plastic; lower 20-30 ft of formation. Index map, geologic map;
generalized columnar sections.
Information as in sample 106, Lab, No. 2.
Pueblo County, Graneros shale. (T.23S., R. 67 W.) head of Rock Creek
Canyon. Analyst, Steiger. (Gilbert, 1897, p, T; Clarke, 1915, p, 255.)
Shale, 30 ft above base of formation, Geologic maps.
Pueblo County. Graneros shale, top of formation, (T. 24 S., R. 66 W.)
north of Eagle Rock. Analyst, Tremaine. Lab, No, 445, (Butler, 1915,
p. 345, 272, 271, 336, 3317,) Shale, black, fine-grained, medium-hard;
40 ft exposed, One white bed 30 inches thick. Index map. Ceramic tests,
physical properties, mineralogy. Use: None,
Pueblo County. Carlile shale. (T. 23 S., R. 66 W.), Salt Creek. Analyst
and references as in sample 108, Shale, 70 ft below top of formation.
Geologic maps.
Pueblo County. Carlile shale. (T, 19 S., R. 67 W.), 10 miles northeast of
town of Florence, Analyst, Tremaine, Lab. No, 471, (Butler, 1915, p, 345,
272, 282, 338, 339,) Shale, black and brown, fine-grained, medium-hard;
15 ft thick, 40 ft below top of formation. Index map. Ceramic tests,
physical properties, mineralogy. Possible use: Brick, unvitrified floor tile,
Pueblo County. Upper Cretaceous, Pierre shale, Tepee zone. (T.19S.,
R, 64 W, ) near Nussbaum Spring. Analyst, Steiger. (Gilbert, 1897, p. T;
Clarke, 1915, p, 255,) Shale. Geologic maps,
Pueblo County, Pierre shale, (T. 20S,, R. 65 W.) town of Pueblo, 0.5 mile
west of Summit Pressed Brick and Tile Co, Analyst, Tremaine. Lab. No,
466, (Butler, 1915, p, 345, 272, 281, 338, 339,) (Analysis shows 3.3 percent
alkalies; suggests 6,1 percent gypsum, 3,0 percent more CaO and MgO than
required for carbonates.) Clay. Index map, Mineralogy. Possible uses Brick.
Pueblo County, Recent. (T.20S,, R.65 W.), Acme Brick works. Analyst,
Tremaine, Lab. No, 469, (Butler, 1915, p, 345, 272, 282, 338, 339.) Clay.
Index map. Ceramic tests, physical properties, mineralogy. Possible use:
Brick, earthenware, unvitrified tile.
Routt County. Upper Cretaceous, Mancos shale. (T.6 N., R. 86 W.), 12
miles west of town of Steamboat Springs, Analyst, Tremaine, Lab, No. 480,
(Butler, 1915, p, 345, 284, 338, 339,) Clay, light-gray, fine-grained, some
grit, medium-hard. Index map. GCeramic tests, physical properties, miner-
alogy. Possible use: Brick.
San Miguel County. Upper Jurassic, La Plata formation, Placerville sand-
stone member. (T. 44 N., R. 11 W,) near town of Placerville, Analyst,
Hillebrand; collector, Ransome. (Hillebrand and Ransome, 1900, p, 133,
144,) Sandstone, green, vanadiferous. Use: Source of vanadium.
Analysis of sample 116 insoluble in HNOs; 72.48 percent of total rock.
Weld County, Pierre shale, Sec. 19, T.4 N., R. 68 W,, Berthoud Brick and
Tile Co, Analyst, Tremaine, Lab, No. 504, (Butler, 1915, p. 345, 291, 293,
340, 341,) Shale, yellowish-green, gray in lower part; fine-grained, medium-
hard, thick-bedded; 20 ft thick, Index map, Ceramic tests, physical
properties, mineralogy. Possible use: Brick, earthenware, drain tile.

104,
105,
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TABLE 3.— Analyses of samples from Kansas containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

{Group B) common and mixed rock categories

[samples of mixed rock category indicated by an asterisk (¥). Chemical analyses arranged by county and stratigraphic position]

Kansas

*1 2 3 4 5 6 7 *8 9 10 *11 12 *13
15B1-2 | 15B1-1 1581-3 | 15B3-1 | 15B4-4 | 15B4-5 | 15B4-6 | 15p4-7 | 15B5-2 | 15B5-3 | 15B6-1 | 15B7-1 | 15B7-2
510240ss00censeces | 53.99 56,0 54,18 | 170,97 83.29 75.98 73,02 61,47 76.52 2,56 53, 41 57,32 54,51
AlOgeeeeanenonees | 16,21 } 22.1 { 19,17 15,98 38,19 29,92 29,15 | 214,10 13,57 17,44 11,65 15,89 15,19
Fey080unnnnnnsnenn 6,18 . 6,11 3,32 368 39,02 39,01 35,76 11,95 11,21 5,44 6,04 6,83
MEOieransreansane L72 1.89 .42 .89 2,20 2.54 6,95 .21 .31 1.83 2,28 2,23
Ca0,.. cevene 6,60 7.05 2,28 .72 3.16 4,85 .62 W41 4,33 5,12 6,37
Na0 .. . .80 190 1,54 1,38 1,38 1,04 1.89
Kz0 v . 3,93 L5 1,87 1,70 2,96 2,99 3,07
TIOz ceeeeneancnes 109 1.39 5,62 5,45 51,04 5,64 1.37 .84 1,96 1,20 1,26
P05 seeeevensnans .18 .05 .07 .09 ,14 Tr. 62,30 .20 .26
7,05 §,04
.22 cerens Nil Nil Nil .35 Tr. Tr, L12 Tr. .10
Nil Nil Tr. .06

Ignition 1088 useeae 9.20 | *10,7 4,60 | 01,51 | 4,28 | 95,7 5,48 4.73 5,68 | 1016,10 8,03 8.69
TOtaleeeseeees |1100,12 98,3 100, 35 98,96 99,60 99,49 99.54 | 299,91 98,61 98,48 97.14 | 100,11 |13100,40

Class soeveanesosas | 18,63,8 | 19,62,17 | 13,72,12 39, 56,0 68,26, 0 60,29, 4 58,26,7 30, 56, 1 51,45,1 40,56, 1 27,57,6 | 22,62,5 20,62,7

14 15 16 1 18 19 20 21 *22 *23 %24 25 26
15B10-2 | 15B10-1 | 15B10-3 | 15B11-1 | 15B15-5 | 15B12-1 | 15B12-3 | 15B12-4 | 15B13-5 | 15B13-4 | 15B13-6 | 15B13-1 | 15Bis-2
$1020+00e0ensneees | 65.52 | 64,42 | 67.75 | 85.19 | 69,99 | 67.62 | 70.62 | 68.25 | 52,08 | 50,50 | 60,86 | 75,61 | 73.54
15,00 | 1598 | 128 [\, { 12,00 | 11,08 | 1218 | 1091 | 212,16 | 212.74 | 21042 | 10,97 | 10,96
4,09 422 2.66 . 2,84 2,86 3,07 2,49 | ®a4z | %384 | 33,35 3,217 186
.94 1,00 52 | 15,07 1.62 155 142 1.27 | 1814 | 19.5¢ | 12,88 1.03 .14
Ca0uurenreerneens | 31 3.20 .90 | 151,55 4,21 5,57 3,36 6.41 1.34 .71 .81 .40 .87
N3O vueieneacnens .57 .48 }157 . {161.15 6,7 | 16,23 | 1,48 .43 .20 .24 .21 | ma.s
2,32 2,50 * 2.86 3,47 3,19 2,97 2,41 2,13 3,57 1,76 174,80
ceesen LYY seneen sesses (.19) (.42) (.49) (.46) ceveee ceasen ceeses [P cxsnse
1,18 1,11 1,178 cesens .67 1,22 .99 1,01 51,01 5,94 5,97 .93 .68
P05 veereacanares | TIL .01 €01 | veveee | eeenns .24 .10 .26 .13 .06 12 7 Tr.
SO5 sovaranaracans | Mil Nil ECI .09 .06 .06 .06 Nil By Nil .37 Tr,
S verereerreenenes | TH @ .05 02 [ eeveee | eeeees
Ignition 10sS «.vuee. | 6,69 6,86 564 | .iiee. 4,57 5,91 4,93 6.15 | Wq34 | Yoos | Ye52 4.53 4,02
Total..eeeee.. ] 99.71 | 99,78 |<100,01 | 98,45 | 100,00 | 100,24 | 100,10 | 100,26 | 99,46 |9100.22 | 299,76 | 99,31 | 100,00

34,55,4 | 31,58,4 | 42,46,3 | 66,33,0 | 46,43,2 | 45,40,5 | 46,44,2 | 46,39,6 | 26,47,6 | 24,48,10] 39,39,6 | 53,41,2 | 52,38,2

Qualitative spectrographic analyses

[Carbon electrodes used, Higher numbers indicate greater abundance, Further explanation of table for samples 18-21 (Frye and others, 1949, p. 87);
for sample 11 (Runnels, 1949, p. 45) ]

11 11 18 19 20 21 1 211 18 19 20 21
| T T 6 P T B S EETITITN | o RN 6 9 4 6 6 5
Na cereeennennenanans 6 [T O BETIITTE BT TTTTYN EPOTURRy I/ B s 6 4 4 6 5 6
8 cevens cessae ceeane cecene PRTTURNN I/ SN 8 ceeees T 7 6 7
9 9 4 6 6 6 MOicsseans PPN 5 ceeeee ceeane ercene ceneas
9 9 3 4 4 4 Af evarenas 4 5 ND ND ND ND
8 10 6 9 8 8 Pb eeveeserencocennne ceseee 7 cesens teeees ceeens ceenes
! 510,, 70,98 percent (Plummer and Hladik, 1948, p, 74). 299,85 in text,
% Includes MnO,. 13100,35 in text.
® Total iron. ™ Reported as combined oxides.
* Average of three or more determinations, % Calculated from reported MgCOj or CaCOy .
5 Includes ZrO; and V05, 1 By difference.
§ soluble in citric acid, 1,54 percent. ' Na;0+K;0 by difference; ratio by
" Spectrographic determination, V;Os, 0.0473 percent. (Rounded by compilers. ) spectrographic determination.
® Spectrographic determination, V305, 0.0415 percent. (Rounded by compilers. ) %105° - 140° C., (not included in total) .
? Reported as water and CO;. 1910017 in text.
10340 ° -1,000° C, 299,74 in text,

100,00 in text. 2 High-purity graphite electrodes used,
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Kansas

Allen County, Pennsylvanian, Lane-Bonner Springs shale, NE3SW} sec, 33,
T. 25 8., R. 18 E,, Humboldt Brick and Tile Co. pit. Analyst, under super-
vision of Runnels, Lab, No, AL-2, (Plummer and Hladik, 1951, p. 20, 24, 25,
31, 32, 52, 55.) (Analysis shows 4, 7 percent alkalies, 1,1 percent TiOp;
suggests 4. 1 percent more CaO and MgO than required for carbonates,) Shale,
dark-gray, unoxidized, silty; 30, 0 ft sampled; 50, 0 ft available, Geologic
map. Results of experimental production of lightweight aggregate, screen
analysis of lightweight aggregate; bloating results, Possible use: Low-density
aggregate,
Allen County, (Probably Lane-Bonner Springs shale, T.24S., R, 18 E.)
near town of Iola, Kansas Portland Cement Co, Lab, No., 5, (Burchard,
1913, p. 186.) Shale. Use: Cement material,
County, formation, locality, reference, and use as in sample 2, Iola Port-
land Cement Co, Lab, No, 3. Shale.
Archison County. Pleistocene, Sanborn formation. Center north line,
sec, 12, T. 7 S,, R. 18 E, Analyst, Runnels, Lab, No. A=6, (Plummer and
Hladik, 1948, p. 74, 62, 82, 83, 90, 96; Plummer and Hladik, 1951, p, 21,
28, 29, 31, 45, 72,) Loess, gray, oxidized; 32. 0 ft sampled, 32,0 ft avail-
able, bed 50 ft thick, Index map, map of generalized thickness of loess
deposit, Results of experimental production of lightweight aggregate, screen
analysis of lightweight aggregate; bloating results. Firing and physical prop~
erties of ceramic slag, Possible use: Lightweight aggregate, railroad ballast.
Barber County. Permian, Cedar Hills sandstone. NW}NW} sec, 9, T. 32S.,
R. 10 W. Analyst, under supervision of Runnels. (Swineford, 1955, p. 122,
59, 60, 101, 113, 128,) Index and geologic map; generalized columnnar and
detafled measured sections. Mechanical analysis. Photornicrograph,
electron micrograph of particles finer than 1 micron. Possible use: Brick.

5, Basal part of Cedar Hills sandstope., Lab, No. 1147, Sandstone,

white,

6. Lab, No, 1146, Siltstone, red, sandy.

7. Lab. No. 1128, Silistone, red, sandy.
Barber County, Permian, Flowerpot shale, SE}SEf sec, 1, T.32S5., R. 14 W.
Analyst, under supervision of Runnels, Lab. No. 1138, (Swineford, 1955,
p. 122, 10, 11, 64, 98, 113,) (Analysis suggests 7, 1 percent more MgO
than required for carbonate; shows 4,3 percent alkalies,) Shale, red, silty.
Index and geologic map; generalized columnar and detailed measured
sections, Mechanical analysis, Electron micrograph of particles finer than
1 micron.
Barton County. Upper Cretaceous, Dakota sandstone, Janssen clay member
(R. T. Runnels, written communication, 1953), SW4SW} sec, 21, T. 18 8,,
R. 13 W, Analyst, Runnels, Lab, No. BT-1-MR. (Reed, 1950, p. 27, 36.)
Clay. Use: Brick.
Information as in sample 9, Lab. No, BT-3-3,
Bourbon County. Pennsylvanian, Cherokee shale, above Mulky coal,
NE4NW} sec, 27, T.26S,, R, 25 E. Spectrographic analyst, Reed, Lab.
No. 48-298, (Runnels, 1949, p. 44, 42, 45.) (Analysis suggests 5.5 per-
cent phosphate; shows 2, 0 percent TiO,.) Shale, composite sample of bed
2 ft thick. Size distribution of shales ground in pan mill, Dried at 140° C,
Possible use: Fertilizer.
Brown County. Pennsylvanian, Willard shale. Analyst, under supervision of
Runnels. (Plummer and Hladik, 1951, p, 20, 26, 27, 31, 32, 52, 62,)
Geologic map. Results of experimental production of lightweight aggregate,
screen analysis of lightweight aggregate; bloating results, Possible use:
Lightweight aggregate,

12, Lower part of shale, SW4SW4 sec. 4, T. 4S., R, 18 E. Lab, No,
BR-5, Shale, red and black, mostly oxidized; 12, 0 ft sampled;
30, 0 ft available.
Upper part of shale, NEiSW% sec. 36, T.4S., R, 17 E. Lab, No.
BR-6. (Analysis shows 5, 0 percent alkalies, 1.3 percent TiOp
suggests 4, 9 percent more GaO and MgO than required for carbonates. )
Shale, black, mostly unoxidized; 16. 0 ft sampled; 30, 0 ft available.

*13,
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22-24,
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Kansas-~Continued

Chautauqua County, Pennsylvanian, Howard limestone, Aarde shale member,
Nodaway underclay. Sec. 15, T. 35S., R. 9 E. (McMillan, 1958, p, 214,
194, 195, 248, pls. 1, 2.) Underclay, typically ash gray, plastic, thickness
from thin film to 1. 7 ft; selected sample; 7-15 inches blow coal; estimated
amounts of clay constituents, Mineralogy. Index map, outcrop map;
columnar section, correlated columnar sections; mechanical analysis.
Information as in sample 14, Underclay, 0-7 inches below coal.
Chautauqua County. Pleistocene, Meade formation, Pearlette ash bed,
NW1SEL sec, 9, T. 34 S., R, 12 E. Analysts, under supervision of Runnels,
Lab, No. CQV-1, (Carey and others, 1952, p. 20, 4, 12, 15, 40,) Volcanic
ash from bed 4, 0 ft thick, underlies at least 10 acres, Index map, generalized
columnar section, Possible use: Abrasive, ceramic glaze, cement additive,
lightweight aggregate.,
Cherokee County., Mississippian, (Keokuk limestone or Warsaw(?) limestone.
T. 34 8., R, 25 E,) town of Galena, Weilup mine, Analyst, Robertson, Lab.
No. 379, (Haworth and others, 1904, p. 83.) Chert, soft, clayey; in fissures
of primary chert. .
Cheyenne County, Sanborn formation, SEISE} sec. 28, T.3S5., R. 39 W,
Spectrographic analyst, Reed. (Frye and others, 1949, p. 84, 52, 54, 56,
86-88, 98,) Silt. Index map, map showing thickness of loess; generalized
columnar section. Plastic and dry properties, fired properties.
18. Peoria silt member, Sample No. 7-A. Silt, 18 ft below top of
section. Possible use: Geramic slag,
19, Peoria silt member, Sample No. 7-B. Silt, 10 ft below top of
section, Possible use: Ceramic slag.
20, Peoria silt member, Brady soil. Sample No, 7~C. Silt, plastic,
5,5 ft below top of section. Possible use: Ceramic material,
21. Bignell silt member. Sample No, 7-D. Silt, 2,5 ft below top of
section. Possible use: Ceramic aggregate, railroad ballast.

Clark County. Permian, (Swineford, 1955, p. 122, 10, 11, 80, 86,)
(Analyses suggest more MgO than required for carbonate.) Shale. Index
map and geologic map, generalized and detailed measured sections,
Mineralogy of formation, X-ray diffraction data for some samples of
Whitehorse sandstone and Taloga formation,

*22, Whitehorse sandstone, NW} sec. 29, T.32S., R.21W., (R.T.
Runnels, written communication, 1957), Lab. No. 1779. (Analysis
suggests 16, 5 percent unused MgO; shows 2. 8 percent alkalies, 1.0
percent TiO,.) Shale, dark red, silty.

Taloga formation, basal bed, Center sec, 14, T.325,, R. 23 W,,
(R, T, Runnels, written communication, 1957), Analyst, under super~
vision of Runnels, Lab, No., 1801, (Analysis suggests 15,6 percent
unused MgO; shows 2, 3 percent alkalies,) Shale, green.

Taloga formation, Center sec. 14, T. 328,, R, 23 W., (R, T.
Runnels, written communication, 1957). Analyst under supervision
of Runnels. Lab. No. 1802, (Analysis suggests 10,8 percent unused
MgO; shows 3. 8 percent alkalies, 1,0 percent TiO,.) Shale, red,
silty,

*23,

Clark Gounty, Lower Cretaceous, Kiowa shale, NWiNW} sec. 18, T, 32s.,
R. 22 W. Analyst, under supervision of Runnels. Lab, No. CL-6. (Plummer
and Hladik, 1951, p. 21, 26, 27, 30, 37, 64, 65,) Shale, light-gray,
unoxidized; 31,8 ft sampled; 50, 0 ft available. Index and outcrop map.
Physical properties of bloated aggregate, bloating results; screen analysis of
lightweight aggregate. Possible use: Lightweight aggregate.

Clark County, Meade formation, Pearlette ash bed, SE}SE} sec. 23,

T. 30 S., R. 24 W. Analyst, under supervision of Runnels, Lab, No. CLV-1A.
(Carey and others, 1952, p, 20, 4, 12, 15, 24, 40.) Volcanic ash, from
lower 4, 4 ft of bed 9 ft thick, Index map, generalized columnar section,
Screen analysis. Possible use: Abrasive, ceramic glaze, cement additive,

lightweight aggregate.
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TABLE 3,— Analyses of samples from Kansas containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--Continued

Kansas
27 28 29 30 31 32 33 34 35 36 37 38 39
. 15B13-3 15B14-2 15B14-3 15B14-5 15B14-~4 15B14-1 15B14~7 15B14-6 15B15-1 15B15-4 15B15-2 15B15-5 15B15-3
Si0zcensnrvnnerenss 13,73 77,32 71.64 78.62 77.95 76.69 75,86 74. 75 65,20 72,01 68.56 72,18 68, 61
ALOze.vu.n 11,67 10.83 10.38 10.24 10.18 10,80 10,79 10.96 18,179 ! 19,50 117,39 ! 19,58 16.16
FeyOg.. 1.63 2,52 2,53 2.35 2,59 2,79 2,94 2,80 5,66 1.15 1,68 170 4.62
MgO.... .09 .86 14 .10 .70 .86 .89 119 .24 .40 .51 1,03
Cal.iivevcnnnnnnae .73 1,49 1,22 1,34 .86 .93 1,32 1,75 .18 .30 .27 .12
NapOovvvvvvnnennn | 22,71 $1.12 1,82 8 .56 1,38 .50 81,77 $1,75 9.32 1.56 .11
K;0.. 4.95 2,87 3.23 3.23 3.02 3.68 3.18 3.27
HeO - * N T (.29 (.25) (.08) (.18) (.21) (.23) (.39)
TiG; ... . .49 1,22 .88 .94 .72 .92 .83 .17 seenns P 2,66
PyOseerennsssnonee Tr. .14 .14 .08 Tr, Tr., 11 .15 fesene None
SO cevineansnnens Tr. Tr. .15 .20 Tr. .07 Tr. Tr. ceonss conens .04
Ignition loss ....... 4,00 177 1,83 1,74 2,60 2,76 2,31 2.36 6.49 5,01 10,91 5,29 6.34
Total ........ 100. 00 100, 14 100,06 100, 00 100,00 100,00 100. 00 100,15 99,33 100, 41 100, 80 101, 64 5100, 18
Class ...... 51,39,1 | 55,37,0 | 56,36,0 | 58,350 | 57,36,0 | 54,39,0 | 53,38,0 | 52,39,0 | 26,70,1 | 36,61,0 | 36,62,1 | 36,63,0 | 35,62,2
40 41 42 43 44 45 46 47 48 49 50 51 52
15B15-28 | 15B15-29 | 15B15-23 | 15B15-22 | 15B15-24 | 15B15-10 | 15B15-11 | 15B15-26 | 15B15-27 | 15B15-25 | 15B15-17 | 15B15-16 | 15B15-13
76,04 76.58 66. 66 67,58 70, 04 80.85 73.29 64,30 65,14 68.26 84,15 77.81 83,92
ALOgeveneiananans 14,76 13,12 15,83 16.45 12,15 7.95 10,176 17.99 18.30 13,55 7.16 12.25 5,61
Fep0g000nnnncecans 1,53 63,49 6.27 4,27 7.13 3.24 4.24 5,20 4.56 1,52 1,67 2,17
MEO.ueerrranannns .34 .39 e
Cal.evrevrnnnnnns 42 .45 ceeaen e . ceseee ceeens
TiO; evevenncnansns .89 .66 1.18 1,23 1.08 1.30
PeOs evvvneinannnns Tr. S P cesess cessas PPN vavere | eeense | eseeee | een P .
SO5 vevrnen Tr. Tr. enese ceieen serena
V305 cvevonennanss 7,0502 T.0816) ...... Cerees
Ignition loss ....... 5.08 4.85 8,04 8.38 7.22 4,57 7.02 8.48 8.67 7. 62 4,32 6.40 3.79
Total vevenens 99.11 99, 62 97.98 97.91 97. 62 96,61 95.31 97.27 97.84 97,561 97.14 98,13 95,49
Class vevesaenannsn 48,49, 1 49,48, 1 32, 65,0 34, 63,0 41,56, 0 63, 33, 0 49, 46, 0 27,69, 0 28, 69, 0 36, 60, 0 70,27,0 54,44,0 72,24,0
53 54 55 56 57 58 59 60 61 62 63 64 *65
15B15-20 | 15B15-21 | 15B15-6 15B15-18 | 15B15-7 15B15-9 | 16B15-12 | 15B15-8 | 15B15-19 | 15B15-14 | 15B15-15 | 15B17-3 15B17-4
5310 68.00 65.88 80,14 72.68 66,28 74.20 68,38 66.16 64,04 75.04 64.59 73.00 71.68
ALOz...... 17.56 18,72 7.69 14,19 21,32 13.09 14.02 17.82 14.84 11,54 15, 65 112,59 12, 00
Fez03.veinecnccans 2,41 2,170 4,74 2.20 1.70 1.77 5.31 5.99 9.85 2.67 7.18 1,52 1,37
MgO........ N [ ceenen .14 .87
[oF:10 B TS IERTE ernes PP T .59 .43
NaOeuvvnnvannns RPN [ 22,82 3.16
) SC10 I PN D e T e [ TN Ceiees 25,59 6.176
Tio, ... 1.08 1.18 PN 1,43 1.18 1,48 1.09 1.19 cesins cereee .49
P05 ... PP vereee | eee O . P P PO I P Tr. Tr.
805 vevirennann vesens veeene | aneaa eoven | aiaas . Nil Nil
Ignition Ioss ...... . 8.82 9.01 4,23 7.47 6.12 7.15 7.95 7.30 7.75 6,12 8.94 3.75 4,02
Total ..... . 97,82 97.49 96.80 97.97 96, 60 97. 69 95,66 98.36 917.67 95,37 96,33 100,00 100,78
Class eouennnnnnnns 34,63,0 | 30,67,0 | 61,36,0 | 45,51,0 | 27,69,0 | 49,47,0 | 38,58,0 | 28,69,0 | 27,70,0 | 52,44,0 | 29,67,0 | 49,42,0 | 49,39,1
Qualitative spectrographic analyses
[Carbon electrodes used, Higher numbers indicate greater abundance. Ag not detected. Further explanation of table (Frye and others, 1949, p. 8N 1]
28 29 30 31 32 33 34 28 29 30 31 32 33 34
Viieeaoaosnasanaronnnss 9 3 5 5 ND 5 5 ClU sesrovernseresnnsas 6 5 6 6 5 6 6
CI cevscnnnscsosenances 7 3 4 5 ND 2 ND ZD cevenrrensaresosens 5 3 4 4 2 4 4
1 7 5 6 6 4 6 5 Zr tieinvenansvansanss T 3 ND 4 ND 3 ND

! Inciudes TiO, .

% Na,0+K,0 by difference; ratio
by spectrographic determination.

* By difference.

*105° -140° C. (not included in total) .
99.98 in text.
¢ Average of three or more determinations.
7 Analyzed spectrographically.
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Kansas-~-Continued

Clark County, Pleistocene, Meade formation, Pearlette ash bed, SESE}
sec, 23, T,308.,R.24 W, Analyst, under supervision of Runnels, Lab,
No, CLV-1B. (Carey and others, 1952, p, 20, 4, 12, 15, 24, 40,) Volcanic
ash, 1.6 ft below top of bed @ ft thick. Index map, generalized columnar
section. Screen analysis. Possible use: Abrasive, ceramic glaze, cement
additive, lightweight aggregate. (For another analysis from same measured
section see sample 26, this group, )
Clay County. Pleistocene, Sanborn formation, NEYNE} sec. 19, T, 8S.,
R. 3 E. Spectrographic analyst, Reed. (Frye and others, 1949, p, 85, 52,
56, 87, 93, 112, 113,) Silt. Index map, generalized columnar section,
Plastic and dry properties; fired properties.
28-32, Loveland silt member, Possible use: Brick, tile, lightweight
ceramic aggregate.

28. Sample No, 32-A, Silt, 27.5 ft below top of section.

29, Sample No. 32-B, Silt, 22,5 ft below top of section.

30, Sample No, 32-C, silt, 17.5 ft below top of section,

31, Sample No, 32-D, Silt, fairly plastic, 13,5 ft beiow

top of section,
32, Sample No, 32-E, Silt, fairly plastic, 11 ft below top
of section.
33-34, Peoria silt member, Possible use: Ceramic slag,
33, Sample No, 32-F, Sili, 8 ft below top of section.
34, Sample No, 32-G, Silt, 4 ft below top of section.

Cloud County. Upper Cretaceous, Dakota sandstone, Analysts, Thompson
and Runnels. Clay, Index map, outcrop map; detailed measured section,
correlated columnar sections, Ceramic tests, physical properties, mineralogy.

35, Tera Cotta clay member, S} sec, 18, T.8S., R. 1 W, Lab, No.

C-28-3, (Plummer and Romary, 1947, p, 165, 10, 42, 43, 155, 163,
166, pl, 1.) Clay, 15,7 ft thick, sectioned from top to bottom. as
follows:

5.4 ft ... lavender and gray, red mottling, small amount

of yellow, plastic,

1,9 ft ... light gray, red mottling, slightly silty.

7.2 ft ... gray, with lavender, red, brown motiling, plastic,

1.2 ft ... dark gray, silty, lignitic,

36, Terra Cotta clay member, NW} sec, 31, T, 8 S,, R, 1 W, Lab. No,
C-29-3. (Plummer and Romary, 1947, p. 123, 10, 42, 43, 110,
122, 125, 126, pl. 1.) Clay, gray, slight yellow stain; rather silty;
lignite fragments and fossil leaves; 5.5 ft thick, Possible use:
Refractories.

37. Janssen clay member. SE} sec, 11, T, 8S,, R, 2 W. Lab, No.
C-12-B, (Plummer and Romary, 1947, p. 101, 10, 42, 43, 89, 99,
102, 103, pl. 1.) Clay, gray to light-gray, slight yellow stain,
slightly silty to fairly plastic; lignite particles, Conchoidal fracture,
vertical jointing; 17.2 ft thick. Possible uses Brick, tile,

38, Janssen clay member. NE{NWi and NWENE} sec. 15, T. 8 S.,
R.3 W, Lab., No. C-43-4, (Plummer and Romary, 1947, p, 123,
10, 42, 43, 110, 122, 125, 126, plL 1,) Siliceous fire clay; 5,6 ft
thick. Upper 3.0 ft; gray to dark gray, some yellow stain, slightly
silty, Lower 2,6 ft; light gray, some yellow stain, plastic; some
limonite-filled root cavities. Possible use: Refractories.

Cloud County. Dakota sandstone, Janssen clay member. NW% sec, 12,
T.6S., R. 3 W, Analyst, Runnels. Lab, No. C-51-7. (Plummer and
Hladik, 1948, p, 74, 62, 80, 81, 90,) Clay, channel sample, 5,2 ft thick,
Index map. Firing and physical properties of ceramic slag, Possible use:
Ceramic slag.

Cloud County, Dakota sandstone, Janssen clay member (R, T. Runnels,
written communication, 1953), NWiNW§ sec. 12, T. 6 5., R. 3 W.
Analyst, Runnels, Lab, No. C-51-6. (Reed, 1950, p, 27, 24, 36,) Clay.
Use: Brick.

Information as in sample 40, Lab, No. C-51-C,

64-65,
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42-63, Cloud Gounty. Dakota sandstone, Sec. 32, T.8S., R. 2 W, Clay. Index

maps; generalized columnar section; logs of auger drill holes, open cuts,
or pits, Possible use: Ceramic products,

42, NEZNE} sec. 32, Hole A-43, (McMillan and Wilson, 1948, p, 11,
figs. 1-4,) Clay, varicolored; 12,5-20 ft below surface.

43, Information as in sample 42, Clay, 6-12.5 ft below surface,

44, SW part, NEANE} sec, 32, Hole A-44, (McMillan and Wilson, 1948,
p. 12, figs, 1-4,) Clay, varicolored; 10-14,5 ft below surface,

45. Center NEANE} sec, 32, Hole A-1. (McMillan and Wilson, 1948,
p. 6, figs. 1-4,) Clay, gray, sandy; 6-9 ft below surface.

46. Center NWENEL sec, 32, Hole A-2, (McMillan and Wilson, 1948,
p. 6, figs. 1-4,) Clay, blue-black; 25-30 ft below surface,

47, SWiNE} sec. 32, Hole A-46, (McMillan and Wilson, 1948, p, 12,
figs. 1-4,) Clay, varicolored; 8-13, 5 ft below surface.

48, SWiNE4 sec. 32, Hole A-46, (McMillan and Wilson, 1948, p, 12,
figs, 1-4.) Clay, gray, few yellow and brown streaks; 3-8 ft below
surface,

49, NE part, SWiNE} sec, 32, Hole A~45, (McMillan and Wilson, 1948,
p. 12, figs, 1-4,) Clay, varicolored; 8-17 ft below surface,

50, NE part, NE{NW} sec. 32, Hole A-17, (McMillan and Wilson,
1948, p. 9, figs. 1-4.) Clay, blue; 4-6 ft below surface,

51, Information as in sample 50, Clay, 0-4 ft below surface.

52, Center NEASW4 sec. 32, Hole A-12, (McMillan and Wilson, 1948,
p. 8, figs. 1-4.) Clay, gray, silty; 15-17 ft below surface, (For
another analysis from same measured section see sample 20, group A
of this compilation. )

53, SEiSW% sec, 32, Hole A-34, (McMillan and Wilson, 1948, p, 10,
figs. 1-4.) Clay, dark blue-gray; 28-33 ft below surface. (For an-
other analysis from same measured section see sample 12, group D of
this compilation. )

54, SE3SW% sec, 32, Hole A-35, (McMillan and Wilson, 1948, p. 10,
figs. 1-4,) Clay, dark blue-gray; 13-18 ft below surface,

55, NW part, SE{SW§ sec, 32, A-Cut-1. (McMillan and Wilson, 1948,
p. 13, figs. 1-4,) Clay, red, brown; 0.5-2, 7 ft below surface.

(For analysis from same measured section see sample 13, group D of
this compilation, )

56, SW part, SE{SWj sec, 32, Hole A-31. (McMillan and Wilson, 1948,
p. 9, figs. 1-4,) Clay, dark blue-gray, few yellow streaks, some
silt; 0-6 ft below surface,

57, SW part, SE{SW4 sec. 32, A-Cut-2. (McMillan and Wilson, 1948,
p. 13, figs, 1-4,) Clay, gray, weathered; 0,6-1,7 ft below surface,
(For other analyses from same measured section see samples 6-8,
group D of this compilation. )

58, SW part, SE}SW4 sec, 32, A-Pit-2, (McMillan and Wilson, 1948,
p. 14, figs. 1-4,) Clay, dark blue-gray, few yellow streaks; 0-6 ft
below surface.

59, Center NE§SE} sec, 32, Hole A-1l. (McMillan and Wilson, 1948,
p. 7, figs. 1-4,) Clay, red, yellow, gray; 18-29 ft below surface.

60, Center NW4SE} sec. 32, A-Cut-4, (McMillan and Wilson, 1948,
p. 13, figs. 1-4.) Clay, gray; red and yellow streaks; some hematite;
7,5-12 ft below surface,

61, Center NWSSEL sec. 32. Hole A-33, (McMillan and Wilson, 1948,
p. 10, figs, 1-4,) Clay, gray, red; 7.5-12 ft below surface,

62, Center SWiSE} sec. 32, Hole A-15, (McMillan and Wilson, 1948,
p. 8, figs, 1-4,) Clay, gray, yellow; 20~23 ft below surface.

63, Center SEISE} sec, 32, Hole A-16, (McMillan and Wilson, 1948,
p. 9, figs. 1-4.) Clay, gray, red; 22-26 ft below surface,

Comanche County. Meade formation, Pearlette ash bed. SEiNE} sec, 12,

T. 31S., R. 18 W, Analyst, under supervision of Runnels, (Carey and others,
1952, p, 20, 4, 12, 15, 24, 41,) Estimated tonnage, index map, generalized
columnar section, screen analysis. Possible use: Abrasive, ceramic glaze,
cement additive, lightweight aggregate,

64, Lab., No, CMV-1A, Volcanic ash, from lower 5,5 ft of bed 13 ft

thick.
Lab, No, CMV~1B, (Analysis shows 9,9 percent alkalies,) Volcanic
ash, fairly fresh; from upper 10, 0 ft of 13 ft bed.

*65,
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CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

TABLE 3,— Analyses of samples from Kansas containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories-~Continued

Kansas
66 67 68 69 70 71 72 73 14 75 6 [
15B19-2 | 15B19-3 | 15B19-4 | 15B19-5 | 15B22-4 | 15B22-8 | 15B22-5 | 15B22-1 | 15B22-2 | 15B22-3 | 15B22-7 | 15B22-9
67,46 67,56 64,79 73,43 75,63 76, 80 76. 58 71,21 71,62 73,33 76.79 77,38
17,10 19, 90 16,17 12,43 11,95 12,05 12,05 10,11 11,61 12, 00 10, 85 11,82
4,63 2,16 7.37 6,00 2.7 2,75 3,03 2,61 2,92 3,02 2,87 2,72
1,23 .52 .99 .62 1.27 .96 1,08 2,62 2,08 1,06 1,15 1,26
.27 .31 .38 .38 2,17 .98 1.17 3,70 3,55 2,67 1.10 .95
NagO caeenss 1,03 .18 .83 .23 L.59 11.39 1,82 11,62 11,54 13,48 12,39 o
K20 seevenen 2,38 1,91 2,24 1,12 2,64 2,59 2,90 2,35 2,00 2,55 2,58 2,69
3o O ceenee (.39) (.30) (.26) (.13) (.56) (.47 (. 36) (.40)
TiO; veeeeenencnnnorencsanene 1,01 1,15 1,65 1,26
PiO5cescenscccasenssansnnsans W17 .05 .05 .05 .14 .09 .17 .15 .16 .08 .13 .09
505 sesessasoscsssnnsasannees Nil Nil Nil Nil Tr. Tr. Tr. Tr. Tr, Tr. Tr. Tr.
IgNItion 1058 sessesesensnossaas 4,72 6,02 5,69 4,59 2,98 2,48 2,37 5,78 4,68 3,89 2,27 2,41
TOtaleevesasasasasscansss ] 100,00 | 399,76 |4100,16 |5100,11 100,14 100, 09 100, 17 100,15 100, 16 100, 08 100,13 100, 09
32,62,0 | 30,65,1 | 28,66,0 | 45,52,0 | 51,42,0 | 52,42,0 | 52,42,0 | 50,37,5 | 48,42,2 | 49,43,0 | 54,38,0 | 53,41,0
78 79 80 81 82 83 84 85 86 87 88 89
15B22-6 | 15B22-15 | 15B22-12 | 15B22-14 | 15B22-13 | 15B22-10 | 15B22-11| 15B25-1 | 15B26-1 | 15B26-2 | 15B27-64 | 15B27-63
Si0z4vesssesensacnsoscaverens| 16,78 76,99 68, 02 69,11 68,83 65,39 66,58 62,50 60, 43 72,96 83,76 82,83
10,47 11,14 10, 82 10, 80 11,09 10,15 11,06 16,95 18,68 12,62 4,06 9,89
3,32 2,86 2,76 3.15 3.04 3,25 3.20 6.61 5.36 1.55 8.69 1,14
Mg0O:sursssrecasasessssncnnee .97 .01 3,22 2,51 2,41 2,97 2,50 2,24 1,35 .13 .94 T,
Ca0uuesenererasscsonsnssnes 1,02 .98 4,87 4,22 4,16 6.15 5,60 .68 .81 .50 .00 .04
NazO corvrvnnnvecocnnssasaaas| 11,44 11.39 13,31 11,61 11,68 11,53 1,28 L175 .46 2,51 } L
KoO taearonsesosnsosscnsansan 2.41 2,21 2,52 2.63 2,26 2,84 2,88 3,14 5.51 -
(.40) (.60) (.57 (.45) (.45) (.08) (.25)
1.30 .80 1,08 1,06 .21 .48 1,20
.10 .08 Tr. W17 .15 .15 .15 .19 .14 Tr.
Tr. .02 Tr. .06 .06 .04 .20 01 1,03 .31 .00
IgNItion 1088 vesssssacssconosas 2,29 2.60 7,00 6,02 6.10 8.26 7.74 4,56 8,19 4,01 2,04 3,07
Totaleessserensosesnanaas | 100,10 100, 08 100, 00 100,17 100, 15 100,15 100,15 | 699,45 100, 65 100,31 799,97 99,94
Clast vevenneanoseeenersansees| 55,380 | 54,40,0 | 46,39,8 | 46,40,5 | 46,41,5 | 44,38,10) 43,41,9 | 25,66,0 | 21,69,4 | 49,42,1 | 67,32,0 | 64,330
90 91 92 93 94 95 96 97 98 99
15B27-56 | 15B27-17 | 15B27-16 | 15B27-19 | 15B27-25 | 15B27-21 | 15B27-26 | 15B27-3 | 15B27-33 | 15B27-37
SI024ce0sscssncsancessssoasescnsoancoosessassanses | 15,31 67, 00 66. 80 67,14 68,170 617,59 68,98 62,99 70,34 "2, 46
AlZOgeeseeeeesoresesoscssnssecsasssesesasnnsssanne 17,04 21,11 | #20,94 22,15 | 921,05 21,13 19,35 22,30 16,63 16.58
Fe;O3.. .97 3,20 01,40 1,28 1,23 1.15 1,61 1,74 .46 1,81
MgO.. .25 .85 .65 .37 Tr. .71 1,11 .13
Ca0.. .38 .24 .29 .16 .73 .42 .49
Na,0.. cevsantens .16
KiO o 1,15 { 198 1.80 1,25 1,70 2,57 2,52
TiO; .. .20 11,24 1,30 1,49 1,15 .45
P0s5eas Tr. sessas
8Os .. Tr. ceanns cesens veenes veseen .
Sieecrscece 2 (,12)
Ignition loss ,.... 4,74 5,86 16,70 6.80 5,72 5,81 6.70 8,23 7,62 6,12
Total... 99,39 99,75 100,11 |4100, 43 99,16 99, 09 99,35 99, 89 100, 30 100, 66
Cl8S5 e asasasansorosassnosencnnncassssonacncnnnonan] 44,54,1 | 26,71,0 | 28,67,2 | 27,70,2 | 30,66,0 | 29,67,1 | 33,64,0 | 22,72,3 | 40,53,3 | 42,54,2

Qualitative spectrographic analyses

[Carbon electrodes used. Higher numbers indicate greater abundance. Zn not detected. Further explanation of
table (Frye and others, 1949, p. 87) ]

Spectrochemical analysis

[standard graphite electrodes used, Co, Zn, Ge, S, Zr, Ag,
Cd, Ba, and lanthanides not found, Further explanation
of table (Plummer and others, 1954, p. 170)]

71 74 5 6 7 78 79 83 92
4 5 7 6 5 6 3 8 V.. 0,0177 Ga tereoness 0,0034
4 5 5 7 ND 5 4 8 Cr. . 0105 . 0027
" ki 7 6 n 7 4 9 Mn.... . 0072 Tr.
ND ND ND ND ND ND ND 1 Nisesss . 0033 PD seiienese  Tre
6 8 6 6 6 6 5 9 Cl oeee .15,00103

AB vessssesnncnaes ND ND ND ND ND ND ND 2

! By difference.

% 105°-140° €, (not included in total).

999,71 in text.
100,11 in text.
%100, 06 in text.
99,63 in text.

U P;0s, nil; BaSOy4, nil (Frye and Swineford, 1947, p. 373);
BaSO4, 0.00 percent (Swineford, 1947, p, 74).
# Contains Ga,Os and MnO, if present,

? Includes TiO, .
* Total iron,

4 Contains ZrO, and VO3 if present,
2 sulfide sulfur, included in ignition
loss for summation of constituents.,

13 140°- 1,000° C.
“ 100,51 in text.

' Not as accurate a determination as other elements
(Plummer and others, 1954, p.171),
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Crawford County. Analyst, under supervision of Runnels. Results of experi-
mental production of lightweight aggregate, screen analysis of lightweight
aggregate; bloating results, Possible use: Lightweight aggregate.

66, Pennsylvanian, Cherokee shale, below Pilot coal underclay, NW4SE%
sec, 18, T. 30 S,, R, 25 E, Lab, No, CR-7, (Plummer and Hladik,
1951, p. 20,24,25,30-32,52.) Shale, datk~gray, mostly unoxidized;

6. 0 ft sampled; about 20, O ft available. Geologic map,

67, Cherokee shale, below Pilot coal. NW#SE} sec. 18, T. 30S,, R,25 E.
Lab. No, CR-6. (Plummer and Hladik, 1951, p. 20, 24, 25, 31, 32,
52,) Shale, gray, mostly oxidized; 12,0 ft sampled; 12,0 ft available.
Geologic map,

68, Pleistocene, terrace deposit, NE} SEf sec. 16, T, 16 S., R, 25 E.,
(see Plummer and Hladik, 1951, p. 28; this township not in Crawford
County.) Lab, No., CR-8, (Plummer and Hladik, 1951, p. 21, 28-32,
45, 72,) Loess, dark-gray, oxidized; 9, 0 ft sampled; 9. 0 ft available.
Map of generalized thickness of loess deposits,

69, Temrace deposit. NWjSE} sec, 18, T. 30 S., R. 25 E. Lab, No. CR-5.
(Plummer and Hladik, 1951, p, 21, 28-32, 45, 72,) Loess, red and
gray, oxidized; 4,0 ft sampled, 4.0 ft avajlable. Map of generalized
thickness of loess deposits.

Doniphan County. Pleistocene, Sanborn formation. NE4SE} sec. 6, T. 2 S.,
R. 20 E, Spectrographic analyst, Reed. (Frye and others, 1949, p, 85, 52, 56,
62, 87, 94, 95, 116, 117,) Silt, Index map, generalized columnar section,
Plastic and dry properties, fired properties.
70-72, Loveland silt member, Possible use: Brick, tile, lightweight
ceramic aggregate,
70, Sample No, 41-A. Silt, 71.8 ft below top of section,
71, Sample No, 41-B. Silt, 68,8 ft below top of section,
72, Sample No. 41-C,. Silt, 66,3 ft below top of section.
78-71, Peoria silt member, Possible use: Ceramic slag.
73, Sample No, 41-D. Silt, 65 ft below top of section,
74, Sample No. 41-E, Silt, 60 ft below top of section.
75. Sample No, 41-F. Silt, 55 ft below top of section,
76, Sample No, 41-G. Silt, 50 ft below top of section.
77, Sample No, 41-H. S$ilt, 45 ft below top of section,
78. Peoria silt member, Brady soil, Sample No, 41-I, Silt, 40 ft below
top of section, Possible use: Ceramic material,

Doniphan County. Sanborn formation, Bignell silt member. NE}SE} sec.S,
T. 2., R, 20 E, (Frye and others, 1949, p, 85, 52, 56, 87, 94, 115, 116.)
Silt. Index map, generalized columnar section. Plastic and dry properties,
fired properties. Possible use: Ceramic aggregate, railroad ballast,
79, Spectrographic analyst, Reed. Sample No. 41-], Silt, 36 ft below
top of section,
80, Sample No., 41-K, Silt, 31 ft below top of section,
81, Sample No, 41-L. Silt, 27 ft below top of section,
82. Sample No, 41-N, Silt, 19 ft below top of section.
83, Spectrographic analyst, Reed. Sample No. 41-P, Silt, 13 ft below
top of section.
84, Sample No. 41-R, Silt, 7 ft below top of section,

Elk Connty. Pennsylvanian, Severy shale. SWiNWj sec. 2, T.30S,,R.10E.
Analyst, under supervision of Runnels. Lab, No, EK-5. (Plummer and
Hladik, 1951, p. 20, 26, 27, 30, 33, 52,) Shale, gray, unoxidized; 22, 0 ft
sampled; 40, 0 ft available. Geologic map. Results of experimental produc=
tion of lightweight aggregate, screen analysis of lightweight aggregate; bloat-
ing results. Possible use: Lightweight aggregate,

Ellis County. Upper Cretaceous, Carlile shale, Blue Hill shale member,
NE4SE} sec. 21, T. 13 S., R. 19 W. Analyst, under supervision of Runnels,
Lab. No. ES-1, (Plummer and Hladik, 1951, p, 21, 28~30, 64, 65,) Shale,
pink and gray, unoxidized; 13, 0 ft sampled; 30, 0 ft available, Index and
geologic maps. Results of experimental production of lightweight aggregate,
screen analysis of lightweight aggregate. Possible use: Lightweight aggregate.

Ellis County, Pleistocene, Meade formation, Pearlette ash bed. SWiNW}
sec. 5, T. 13 S., R, 19 W. Analyst, nnder supervision of Runnels, Lab. No.
ESV-3, (Carey and others, 1952, p, 20, 4, 12, 15, 24,) Volcanic ash,
fairly fresh; 10, 5 ft thick, Overburden, about 8 ft, Index map, generalized
columnar section, Screen analysis, Possible use: Abrasive, ceramic glaze,
cement additive, lightweight aggregate.

Ellsworth County. Upper Cretaceous, Dakota sandstone, Terra Cotta clay
member.

88, SWi sec. 14, T.15S,, R. 6 W, Analyst, Runnels, (Swineford,
1947, p. 74, 59, 15, 93; Frye and Swineford, 1947, p, 373, 376.) Sand-
stone, buff to gray, fine- to medium-grained; friable; dense, homo-
geneous, crossbedded. Soluble in HCI, 2,69 percent, Estimated

237-368 0—67T——3
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tonnage, Outcrop map. Mineralogy., Use: Concrete aggregate,
riprap, road metal,

89-91, T. 15S,, R, 6 W, Analysts, Thompson and Runnels. Index map,
outcrop map; detailed measured sections, carrelated columnar sections.
Ceramic tests, physical properties, mineralogy. Possible use:
Refractories.

89, W4SEf sec, 15, Lab, No, TC-2-1, (Plummer and Romary,
1947, p. 139, 10, 42, 43, 136, 138, 141, 143, 148, 150,
pl. 1,) Highly siliceous fire clay, light-gray, some yellow
stain, silty to very silty; limonitic joint filling; spot sample;
7.0 ft thick, Absorption-temperature curves, porosity-
temperature curves,

90. W4SE4 sec, 15, Lab. No, TC-2-10, (Plummer and Romaty,
1947, p. 128, 10, 42, 43, 120, 122, 125, 129, 130, 148,
pl. 1,) Siliceous fire clay, gray, some yellow stain on joints,
few lignite fragments, slightly silty, massive; spot sample;
6,3 ft thick, Temperature-specific gravity and temperature~
apparent specific gravity curves, absorption-temperature
curves,

91, Center N} sec. 16, Lab. No. E1-32-A. (Plummer and
Romary, 1947, p. 165, 10, 42, 43, 156, 163, 166, pl. 1.)
Clay, composite sample; 95 ft thick,

92. Ellsworth County, Dakota sandstone, Terra Cotta clay member. NWiNW}

sec. 30, T, 158., R. 6 W, Lab, No, El-69-2, (Plummer and others, 1954,
p. 164, 161, 165, 170, 171, 178, 178, 181, 186, 206, pls. 1, 3.) Fire clay,
gray to light-gray, some yellow stain; lignite particles; channel sample; 10 ft
thick, Upper 0.5 ft, impure kaolin, Underlain by more than 10 ft of

yellow sandstone, overlain by 6 ft of mottled clay, Additional chemical
analyses of sized fractions of sample, spectrochemical analysis of clay
fraction <2 microns. Petrographic and mineralogical data, ceramic proper-
ties, differential thermal analysis, mechanical analysis. Photomicrographs

of thin sections, electron micrographs of clay particles; X-ray diffraction data;
weighted composition of sized fractions, statistical data. Use: Brick, tile.

98-95, Ellsworth County, Dakota sandstone, Terra Cotta clay member. Analysts,

Thompson and Runnels. (Plummer and Romary, 1947, p, 101, 10, 42, 43, 91,
93, 99, 102, 103, 107, 150, pl. 1.) Plastic fire clay. Index map, outcrop map;
detailed measured sections, correlated columnar sections, Ceramic tests,
physical properties, logy. Possible use: Brick, tile, refractories.

93. Sec, 25, T. 158., R. TW. Lab. No, El-14-01, Fire clay, gray to
dark-gray, fine~grained, thin-bedded; minute amonnts of silt on
bedding planes, some lignitic particles, small amount of pyrite; more
than 6. 9 ft thick, (For another analysis from same measured section
see sample 54, group Hk of this compilation. )

94, NWiNw} sec. 15, T. 16 S., R, 9 W. Lab, No, E1-38-04, Fire clay,
light-gray, slight amount of yellow stain, thin-bedded; 6. 4 ft thick.
Temperature-specific gravity and temperature-apparent specific
gravity curves.

95, NW4NW} sec. 15, T, 16 S., R. 9 W. Lab. No. E1-38-05, Fire clay,
gray, some yellow and pinkish stain, thin-bedded; small amounts of
sand; 5 ft thick. Porosity-temperature curve.

Ellsworth County. Dakota sandstone, Janssen clay member. Analysts, Thompson
and Runnels, Index map, outcrop map; detailed measured sections, correlated
columnar sections, Ceramic tests, physical properties, mineralogy,

96, Center W sec. 23, T. 14 S., R. 7 W. Lab. No. E1-29-4, (Plummer
and Romary, 1947, p. 101, 10, 42, 43, 92, 99, 102, 103, 107, pL 1.)
Fire clay, gray to nearly black; 12, 8 ft thick; top5 ft plastic, remainder
silty. Temperature~specific gravity and temperature~apparent specific
gravity curves. Possible use: Brick, tile, refractories,

97. NWj sec. 33, T. 14 S., R. 7 W. Lab, No. EI-91-2. (Plummer and
Romary, 1947, p. 101, 10, 42, 43, 94, 99, 102, 104, pL. 1) Fire
clay, gray, slight yellow stain, slightly silty, plastic, conchoidal
fracture, particles of lignitized wood and fossil leaves; 8.1 ft thick.
Contains two layers of kaolin. Possible use: Brick, tile, refractories,

98. Sec.2, T.15S., R.7 W. Lab. No, E1-85-3. (Plummer and Romary,
1947, p. 123, 10, 42, 43, 115, 122, 125, 127, pL 1.) Siliceous fire
clay, gray to dark-gray, some yellow stain, silty, conchoidal fracture;
small selenite crystals on joints, lignite fragments; 5,9 ft thick,
Possible use: Refractories.

99, Sec.2, T.15S., R.TW. Lab. No, El-85-4, (Plummer and Romary,
1047, p. 123, 10, 42, 43, 115, 122, 125, 128, 148, pl, 1.) Siliceous
fire clay, gray. Sectioned from top to bottom as follows:

1.6 ft ... some yellow stain, silty, lignitic,
1,5 ft ... some yellow stain, fairly plastic.
4,5 ft ... slight yellow stain, fairly silty, pronounced conchoi~
dal fracture; lignite and some selenite crystals,
Absorption~temperature curve, Possible use: Refractories.
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TABLE 3. — Analyses of samples from Kansas containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--Continued

Kansas
100 101 102 103 104 105 106 107 108 109 110 111 112
15B27-35 | 15B27-36 | 15B27-45 | 15B27-57 | 15B27-55 | 15B27-11 15B27~2 | 15B27-28 | 15B27-20 | 15B27-39 | 15B27~-91 15B27-7 | 15B27-47
Si0zeeerironnsanas 71,80 72.38 73.26 76.40 75.18 66. 02 62,25 69.32 67.31 72,68 78.49 65.16 73,52
AlOgeeeerecennnes 19,12 18,55 117.86 10.35 11,79 17.66 19,19 17,71 16.22 16.19 214,57 19.25 11,97
.88 .15 3.65 1,40 1.26 3,19 3,40 1.92 4,32 1,35 .97 5,46 4,11
.16 .14 .15 .55 .35 .45
Cal.cevnnnnnnnnes .18 .21 .14 .88 .11 cesene csesee .31 PPN cesese
N&O oivvvennnnnen .05
KeO rmvmnrminns } .82 .18 { ~06 } 1,7 [P 2,45
TiO veveersvenres 1,30 1,33 41,25 .91 1.89 1,13 1,32 1,26 1,24 1,30 1,21 1,12
ceeene tavees Tr. casses ceseee vecane PO ceeaee sesene ceceen cienee cesaee
Tr. vesene cessen cesaen . . “rosen essans .
5(.02)
Ignition loss ..e.0.. 66,05 6.33 66,48 7.76 1.46 10,21 11,56 7.70 9.04 7.66 3.67 5.92 6.04
Total.veeeseos | 100,31 100,47 99, 90 98,25 99,78 98,21 97.72 97.91 98,13 99,18 100. 97 97,00 96,76
Class cooeenansesss | 37,61,1 39,59,1 41,57,1 57,38,3 53,42,1 31,66,0 24,72,0 36,61,0 34,63,0 43, 55,0 52,46,0 25,71,0 48,48,0
113 114 115 116 117 118 119 120 121 122 123 124 125
15B27~-51 | 15B27~31 { 15B27-43 | 15B27-41 | 15B27-44 | 15B27-40 | 15B27-38 | 15B27~-13 15B27-4 | 15B27-30 15827-9 | 15B27-14 | 15B27-48
4,46 70, 00 73.18 13.16 13.22 72,79 72,50 66. 19 63. 89 69.61 65,44 66.20 73, 64
13.24 14,88 12.80 9,61 10,46 16.96 16.53 16,68 17.01 14,26 15.33 18,79 11,12
4,40 3.98 3.06 6.34 5,99 1,91 1,91 7.16 8.30 6.81 8,57 5.39 6, 02
TiOg cevevencennes 1.16 .94 1,04 1,47 1,48 1,11 1,12 1,20 1,28 1,29 1,34 1.21 .88
Ignition loss ....... 5.27 8.66 1.7 1.33 7.03 5.77 5.81 6.79 6.92 6.50 6.98 7.97 4,83
Total,.sesususs 98, 53 98,46 97,178 97.91 98,18 98, 54 97.87 98, 02 97.40 98,417 97.66 99, 56 96.49
Class covvussseeess | 46,51,0 39,58,0 41,50,0 49,47,0 48,49,0 41,517,0 41,56,0 29,68,0 24,72,0 37,60,0 29, 68,0 27,71,0 47,48,0
126 127 128 129 130 131 132 133 134 135 136 137 138
15B27-50 15B27-6 | 15B27-32 | 15B27-18 | 15B27-23 | 15B27-10 | 15B27-22 | 15B27-5 15827-12 | 15B27-34 | 15B27~-15 | 15B27-46 | 15B27-53
74,34 64. 60 70,28 67,05 68, 02 65,94 67.75 64,40 66,08 1,64 66,24 73.31 75,06
13,31 18,84 12,62 19,33 16,06 17.88 16. 66 18.62 223,70 19,46 18,93 13,66 9.99
3,47 4.06 6.70 2.84 4,46 5.44 4,61 5.89 .46 .36 4,33 4,04 5,53
Cal.uanen . . vesenn . 2,03 1,06 cesene
TiOseveeen . 1,15 1,05 1,19 1,03 .93 1,06 1,22 1,22 ceasss 1,15 1.20 1,19 1,00
Ignition 1088 oe0usss 4,41 9.17 7.37 1. 90 7.20 1,38 6.37 7.13 6. 62 3.84 7117 5.40 4,57
Totalesusassss 96, 68 97.72 98.16 98.15 96.67 97,170 96. 61 97.26 98,89 100. 32 97.87 97,60 96,15
Class coveennnseeass | 47,49,0 217,10,0 40,57,0 30,67,0 35,61,0 28,68,0 33,62,0 25,71,0 24,173,1 37,58,0 28,69,0 45,52,0 51,44,0
. Spectrochemical analysis of sample 102
[Standard graphite electrodes used, Co, Zn, Ge, Sr, Zr, Ag, Cd, Ba, and lanthanides not found. Further explanation of table (Plummer and others, 1954, p. 170) ]
V tetsesecsesocassaossascscssosnnsne 0.0076 ) 0.0029 MO useeooresnsacvassaassacsnsccnsses 0.0029
CI cecvevcssscccrenconvssnosasssanans L0071 CU evencensncescnsascscnosanssccnnss 7.00037 SD ceveveccnrcncsssecssannan .002
MDiceeoessersasnsonascsoscsnsancnase .0073 Ga seeeercrsresrescssacscsassntconas .0036 2 Tr.

! Contains Ga,0;3 and MnO; if present,
% Includes TiG, .

3 Total iron.

4 Contains Zr0Oy and V,05 if present.

5 Sulfide sulfur, included in
6 140°-1, 000° C,

ignition loss for summation of constituents.

7 Not as accurate a determination as other elements,
(Plummer and others, 1954, p. 171),
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Kansas--Continued

Ellsworth County. Upper Cretaceous, Dakota sandstone, Janssen clay member,

SE}SW% sec, 19, T, 155., R, 9 W, Analysts, Thompson and Runnels, Index

map, outcrop map; detai’ .d measured sections, correlated columnar sections.
Ceramic tests, physical properties, mineralogy,

100, Lab, No, E1-60-6, (Plummer and Romary, 1947, p. 123, 10, 42, 43,
112, 122, 125, 126, pl. 1; Kinney, 1952, p, 306, 303, 305, 308,)
Siliceous fire clay, light-gray, yellow stain, very silty, pronounced
conchoidal fracture; 4,1 ft thick, Trace of kaolin at top. Beneficia-
tion tests, Sample dried at 140° C, Other analyses of sample when

calcined and concentrated, Possible use: Refractories, source of alumina,

101. Lab, No, E1-60-13, (Plummer and Romary, 1947, p, 123, 10, 42,

43, 118, 122, 125, 127, 130, pl. 1,) Siliceous fire clay, gray, slight
yellow stain, silty, pronounced conchoidal fracture; 4.3 ft thick,
Temperature-specific gravity and temperature-apparent specific
gravity curves. Possible use: Refractories,

Ellsworth County. Dakota sandstone, Janssen clay member, SE4 SW4 sec, 19,
T. 15 8., R, 9 W, Analyst, Runnels. Lab, No, El-60-6. (Plummer and
others, 1954, p. 164, 161, 165, 170, 173, 181, pls, 1, 3.) Clay, light-
gray, gritty, silty, lignite particles; channel sample; 4.1 ft thick, Underlain
by 0.8 ft of lignitic silt, overlain by 10 ft of refractory clay, Additional
chemical analyses of sized fractions of sample, spectrochemical analysis of
clay fraction <2 microns. Petrographic and mineralogical data, ceramic
properties; differential thermal analysis, mechanical analysis. Photomicro-
graphs of thin sections, electron micrographs of clay particles; X-ray diffrac-
tion data; weighted composition of sized fractions, Possible use: Brick.
Ellsworth County. Dakota sandstone, Janssen clay member, T. 14S,, R. TW.
Analysts, Thompson and Runnels, Fire clay, Index map, outcrop map;
detailed measured sections, correlated columnar sections. Ceramic tests,
physical properties, mineralogy.

103, SWiSE} sec. 19, Lab. No, EI-73A, (Plummer and Romary, 1947,
p. 139, 10, 42, 43, 133, 134, 138, 141, 142, 148, 150, pl. 1.)
Highly siliceous fire clay, some yellow stain, silty, some selenite.
Composite sample; 32, 2 ft thick; 7.2-9, 7 ft, silt to fine-grained
sandstone. Absorption-temperature curve, porosity-temperature curve,
Possible use: Refractories, structural clay products,

SE4 NE4 sec. 30, Lab, No, EI-78-3, (Plummer and Romary, 1947,
p. 123, 10, 42, 48, 114, 122, 125, 127, pl. 1,) Siliceous fire clay,
gray to dark-gray, silty, lignitic; thin beds, limonite on joints, Spot
sample, 19,2-25,6 ft thick. Lens of fine-grained sandstone to silt

in lower part, Possible use: Brick.

Ellsworth County, Dakota sandstone. SW} NW} sec, 33, T, 14S,, R, T W,
Clay. Index maps, generalized columnar section, logs of auger drill holes
and open cut. Possible use: Ceramic products,

105-107. (McMillan and Wilson, 1948, p, 21, figs. 1-3, 5.)

105, Hole B-S-2. Clay, blue-black; 29, 9-40 ft below surface,

106, Hole B-§-2, Clay, blue-black; 14.9-29.9 ft below surface.

107. Hole B-$-2, Clay, gray, few limonite streaks; 6,9-14,9 ft

below surface,
Hole B-5. (McMillan and Wilson, 1948, p, 19, figs, 1-3, §.)
Clay, blue-black; 3.5-19 ft below surface,
B-Cut-1, (McMillan and Wilson, 1948, p, 23, figs, 1-3, 5.)
Clay, blue-black; 2-8.5 ft below surface,
Ellsworth County. Dakota sandstone. Shsec, 10, T. 15 S., R. 6 W. Analysts,
Thompson and Runnels. Lab. No. E1-2-04, (Plummer and Romary, 1947,
p. 123, 10, 42, 438, 122, 125, 126, 130, 150, pl. 1,) Fire clay, gray,
siliceous. Index map, outcrop map; correlated columnar sections. Ceramic
tests, physical properties, mineralogy, Temperature-specific gravity and
temperature-apparent specific gravity curves, porosity-temperature curve,
Possible use: Brick, refractories,
Ellsworth County. Dakota sandstone. T. 15 8., R. 6 W. Clay, index maps,
generalized columnar sections, logs of open cuts and auger drill holes,
Possible use: Ceramic products.
111, SW part NE{SW% sec. 15, Hole C-28, (McMillan and Wilson, 1948,
p. 34, figs. 1-3, 6, 7.) Clay, varicolored; 0, 5-10, 5 ft below surface.

104,

108,

109,

112, NW part SE4 SW% sec. 15, C-Cut-10, (McMillan and Wilson, 1948,
p. 36, figs. 1-3, 6, 7.) Clay, gray; red and yellow streaks; 2-7 ft
below surface,

113, NW part SE4 SW4 sec, 15, Hole C-33, (McMillan and Wilson, 1948,
p. 35, figs. 1-3, 6, 7.) Clay, gray; red and yellow streaks; 2-7 ft
below surface,

114, NW part SE3 SW§ sec 15, C-Cut-8, (McMillan and Wilson, 1948,

p. 36, figs. 1-3, 6, 7.) Clay, light-gray; yellow streaks; 1,5-7.5
ft below surface.

Kansas--Continued

NW part SE4 SW4 sec, 15, Hole C-31, (McMillan and Wilson, 1948,
p. 36, figs. 1-3, 6, 7.) Clay, gray; yellow streaks; 1,5-7.5 ft below
surface, ’
NW part SE§ SW4 sec. 15, Hole C~32, (McMillan and Wilson, 1948,
p. 35, figs. 1-3, 6, 7,) Clay, varicolored; 1,5-6.5 ft below surface,
NW part SE SW4 sec. 15, C-Cmt-9, (McMillan and Wilson, 1948,
p. 36, figs, 1-8, 6, 7.) Clay, gray-red; 1.5-5,9 ft below surface,
NW part SE4 SW4 sec, 15, Hole C-34, (McMillan and Wilson,
1948, p, 35, figs. 1-8, 6, 7.) Clay, dark blue-gray; yellow streaks;
1-6 ft below surface.
NW part SE} SW4 sec, 15, C-Cut-11, (McMillan and Wilson, 1948,
p. 36, figs. 1-3, 6, 7,) Clay, dark blue-gray; yellow streaks;
1-5,5 ft below surface,
120-124, (McMillan and Wilson, 1948, p, 34, figs. 1-3, 6, 7.)

120, SW part SE4 SW§ sec. 15, Hole C-27. Clay, gray-red;
10-20 ft below surface. (For another analysis from same meas-
ured section see sample 30, group D of this compilation. )
SW part SE4SW4 sec. 15, Hole C-25, Clay, gray, few red
streaks; 6-16 ft below surface.
SW part SE4 SW} sec, 15, Hole C-25, Clay, red-yellow;
1-6 ft below surface,
NW part SE4 sec. 15, Hole C-26, Clay, gray-red; 6-26 ft
below surface,
NW part SEf sec, 15, Hole G-26, Clay, varicolored;
1-6 ft below surface,
SW part NE4 SEf sec, 19, Hole C-5-11, (McMillan and Wilson,
1948, p, 37, figs. 1-3, 6, 7,) Clay, dark-gray; red and yellow
streaks; 8-17 ft below surface,
SW part NEX SE} sec. 19, C-Cut-6, (McMillan and Wilson, 1948,
p. 38, figs, 1-3, 6, 7.) Clay, varicolored; 8-16, 9 ft below surface,
SE part NW4 SE} sec. 19, Hole C-9, (McMillan and Wilson, 1948,
p. 317, figs. 1-3, 6, 7.) Clay, varicolored; 3-13 ft below surface,”
(For another analysis from same measured section see sample 31,
group D of this compilation. )
NE part SW4 SE} sec. 19. Hole C-10, (McMillan and Wilson, 1948,
p. 317, figs, 1-3, 6, 7.) Clay, varicolored; 9.5-22 ft below surface,
NW corner sec, 29. Hole C~$-1, (McMillan and Wilson, 1948,
p. 25, figs, 1-3, 8.) Clay, blue-black; 13-20 ft below surface.
Center NW4 NE4 sec, 29. Hole C-2. (McMillan and Wilson, 1948,
p. 24, figs, 1-3, 8.) Clay, gray and red, mottled; 10-15 ft below
surface,
Center SE4 NE§ sec. 29, Hole C-8, (McMillan and Wilson, 1948,
p. 25, figs. 1-3, 8.) Clay, gray, few red streaks; 8-13 ftbelow surface,
Center NE} NW4 sec, 29, Hole C-3, (McMillan and Wilson, 1948,
p. 24, figs, 1-3, 8.) Clay, varicolored; 6-14 ft below surface.
NW part Nw Nw# sec. 29, Hole C-$-5, (McMillan and Wilson,
. 1948, p. 26, figs. 1-3, 8.) Clay, light-gray; 1.5-9 ft below surface,
134, Ellsworth County, Dakota sandstone, WiNW} sec, 30, T. 15S., R. 6 W.
Analyst, under supervision of Runnels, Lab. No, El-69-2, (Kinney, 1952,
p. 306, 303, 305, 308,) Clay, kaolinitic, Beneficiation tests. Sample
dried at 140° C, Other analyses of sample when calcined and concentrated,
Possible use: Source of alumina, refractories.
Ellsworth County, Dakota sandstone, Terra Cotta tlay member. Center S}
sec, 20, T, 15S., R, TW, Analysts, Thompson and Runnels, Lab, No,
El-21-9, (Piummer and Romary, 1947, p, 123, 10, 42, 43, 111, 122, 125,
126, pl. 1,) Siliceous fire clay, gray to yellow, silty, lignitized fossil
leaves; spot sample from bed 8,9 ft thick, Index map, outcrop map; detailed
measured section, correlated columnar sections, Ceramic tests, physical prop=~
erties, mineralogy. Possible use: Refractories, brick,

116,
117,

118,

119,

121,
122,
123,
124,

125,

126,

127,

128,
129,

130,

131,
132,

133,

1335,

136-138, Ellsworth County, Dakota sandstone. Sec, 25, T, 158., R. TW.
(McMillan and Wilson, 1948, p. 29, figs. 1-3, 9,) Clay. Index maps,
generalized columnar sections, logs of auger drill holes. Possible use:
Ceramic products,

136, Genter NE} NE} sec, 25, Hole C-50. Clay, varicolored; 12.5-
26 ft below surface, (For another analysis from same measured
section see sample 42, group D of this compilation, )

137, Center NW} NE} sec. 25, Hole C-51, Clay, gray, red, yellow;
15-28 ft below surface.

138, Center NW} NE} sec. 25, Hole C-51, Clay, gray, red, yellow;

10~15 ft below surface.
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TABLE 3.— Analyses of samples from Kansas containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--Continued

Kansas
139 140 141 142 143 144 145 146 147 148 149 150
15B27-52 | 15B27-49 | 15B27-59 | 15B27-60 | 15B27-61 | 15B27-54 | 15827-29 | 15B27-24 ! 15B27-8 | 15B27-42 | 15B27-27 [ 15B27-58
Si0p.eeerenreecennrcrenssonns 74,70 73,66 78,92 79,42 79, 95 75,17 69, 40 68, 52 65.23 73.18 69.28 76. 52
ALOgureereeierreerennsnnnns 13,89 14, 07 10.24 10, 31 10. 10 13,17 11,77 14,81 17,65 15,79 13,97 12, 89
|31 € N 2,34 2.84 3,91 177 2.55 3,33 9.57 5,88 6,45 2,48 6.84 3.30
TiOgeeeeeernnnanasreanenees 1,16 1,13 .19 1.28 1.03 1.24 .94 .96 .96 1,01 1,21 1,00
Ignition 1088 suuyurereeeeaanan 5,17 5.60 5,37 5,10 4,39 4,44 6.16 5.23 7.43 4,39 7.54 4,07
TOtaluseersusonnnnsnonas 97.26 97.30 99,23 97.88 98. 02 97,35 97,84 95,40 97.72 96, 85 98. 84 97.78
Class seevunsnennsnseasenaess | 48,49,0 | 46,51,0 | 56,42,0 { 59,37,0 { 59,38,0 | 48,48,0 | 38,59,0 | 36,59,0 | 27,70,0 | 42,53,0 | 37,61,0 | 50,47,0
151 152 153 154 155 156 *1517 158 159 160 161 162
15B27-62 | 15B27-66 | 15B27-67 | 15B27-65 | 15B29-1 | 15B29-4 | 15B30-1 | 15B32-2 | 15B32-1 | 15B33-4 | 15B34-1 | 15B34-2
Si0zeeennnenorearereaseannas 80,62 72.61 72.87 72.53 70. 06 66,57 53, 61 73,43 73,13 74,30 | 172.30 72,78
ALOuvverieranaranennneosss | 218,20 11,81 12.68 12.80 17.80 21.75 16. 86 12.30 11,71 14, 40 12,20 | 212,26
Fe 0. ceruriannnsecssescsnen .1 1.74 1,34 1,64 1,31 1,00 4,66 1.61 1,93 2,00 1.40 1.52
MEO.eeurnnrorissaneeneannas .47 .15 .05 .06 1.55 .61 2.41 .41 .12 1.00 .58 .07
Ca0uuuiiererennnnnnnnnncnns .58 .72 .64 .71 .96 .63 3.32 .99 .65 .20 Tr. .95
N20..... 42.64 42,45 2,45 42,56 6. 52 3.10
K:é *8.30 { 45,29 45,03 } 1.48 2.87 3.46 4.1 45,68 3.00 4,96
TiO vevenesennnscsnnnonnnns .36 .24 .30 1.00 1,01 1,12 .22 .29
P;0s. . Nil Tr. Tr. .86 Tr, Tr. . Nil
$0;.. . 5Tr. Tr. Tr. 1.95 TrI. Tr. ceeens . <10
Nouverruaesssseesnenannnnnns .10
IGRItion 1088 vevsesunanenennae 3.98 4,31 4,25 4.42 5,29 5.16 | 1,41 3,90 3.93 4.35 | ... 3,84
- 99, 56 100, 00 100, 00 100, 00 99.45 99. 60 99, 76 100, 08 100, 00 96,25 £96,00 | <99.58
Class cuvrvnreeresnnnsneanans | 56,42,1 | 50,40,2 | 49,42,1 | 48,43,2 | 37,57,1 | 27,67,06 | 19,657 | 50,41,1 | 50,40,1 | 47,48,0 | 49,40,1 | 49,41,1
163 164 165 166 167 168 169 170 171 172 173 174
15B37-4 | 15B37-2 | 15B37-3 | 15B39-1 | 15B39-2 | 15B39-3 | 15B42-1 | 15B45-9 | 15B45-2 | 15B45-3 | 15B45-4 | 15B45-54
Si0gursesrnnneerncrrrnnerees 63.70 54,29 61, 60 63,35 77,54 65,02 59, 47 76. 01 60. 60 63,00 63. 40 65. 31
TN o 16. 68 15,32 18.10 98,63 97,69 | °11.03 19, 90 12,35 18,65 20,40 19,70 17.25
FE08. 0 0svnserensscnnnsnanss 6.19 6.04 5.02 11,70 01,77 0 3,93 4.30 3.83 15,35 114,20 114,30 114,15
MEO. . ttvrnnnriniensnernanses 1.37 1,62 2,01 4.95 1,77 3,28 1,97 2.16 1,25 1,25 1,35 1,05
Ca0... 1,63 7.74 .61 6.46 2,61 4,40 .99 1,35 1,00 1.20 1.60 .95
NazO varreianreennnns 1,25 .96 1.45 1.30 1.70 1.42
KO vurrnnn 3,47 2.65 3.69 1.62 1,66 2,57 } 1.03 a.10 1.80 1.40 2.50
TiOy .... 1,80 .99 1,10 21,05 2,79 23,03 1,08 1,02
PO5..unne .27 .15 .16 L1 .09 .12 .08
SOs.... .. Nil Nil .29 Tr. Nil Nil . .04 Tr. .40 .45 .51
S tiiieneiieieans . .02 Nil .02 .03 Nil .03
IgNition 1088 «evvvvasannnuanns 5.13 9.80 5.89 610,56 63,67 66,87 10. 62 62,57 9.70 8.10 7.60 138,27
7 P i 102 L 99.56 |'99,94 }'$100,36 99.29 | 1799.70 99.36 99.41 |!%99.65 |1999.85 99,80 99.99
Class suvuverseesencnnnnnenas | 27,64,0 |20,61,10 | 24,67,0 | 46,30,17| 62,27,3 | 41,43,7 | 19,72,6 | 50,45,0 | 22,71,4 | 22,72,4 | 24,70,3 | 30,65,0
75 78 T 78 73 T80 Qualitative spectrographic analysis of sample 157
15B45-55 | 15B45-7 | 15B45-1 | 15B45-5 | 15B45-6 | 15B45-8 [standard carbon electrodes used. Higher numbers indicate greater
S 10 e 65,81 64,18 60.12 63.90 64,04 66.78 abundance. Further explanation of table, (Runnels, 1949, p. 45) ]
ALOs.senrnnnnnns .. 17,51 19.31 18.81 19,09 19. 67 18,36
Fe,Os, iron oxide . . 4.30 2.71 4,87 2,43 3.29 3,86
MgOu.eennasennes .99 1,65 1.25 1,01 1.30 1,65 s
€80, etsunoennnansrnnacnnns .97 .50 .55 .50 .55 .70
6
N220 eeunvernnrianninnnnnas } 2.60 3,08 2.68 2.83 6 MO...esessansass ND
0 O N 6 Afeereenanannen 2
IgNItion 1088 sevvasensananonas 317,186 8.98 10,97 9.50 9.40 7.53 oo Sleurervnsseseves ND
Total..... ceearnees 99, 89 100,41 99.25 99.26 98.25 98.88
ClaSS sevuranennessnsnansases | 30,650 | 27,66,4 | 21,72,4 | 21,66,3 | 26,69,4 | 30,65,4

L 72,36, (Jewett and Schoewe, 1942, p, 171),

2 Includes TiOg.
3 By difference,

4 NayO + Kz0 by difference; ratio by
spectrographic determination.

5 Reported as slight trace.
€ 140° - 1,000° C,

7 Undetermined, 3.75 percent reported as probably

potash and soda by Landes (1928, p. 15),

8100, 00 in text,
¢ Includes MnO,.

19 rotal iron,

1 peported as iron oxide.

2 Includes Zr0, and V,Os.

13 Reported as water of constitution,

% 100,99 in text

% 99,92 in text.

' Includes 0,6 percent CuO, spectrographic
determination; total, 100,33 in text,

799,67 in text,

' 99, 85 in text.

1999, 95 in text,



139~150,

181,

152-154,

155=156,

*1517,

158-159,

COLORADO, KANSAS, MONTANA, NEBRASKA, NORTH DAKOTA, SOUTH DAKOTA, WYOMING

DESCRIPTIVE NOTES

31

LFirst page number in reference indicates source of analysis]

Kansas-~-Continued

Ellsworth County. Upper Cretaceous, Dakota sandstone. Sec. 25, T. 15 8.,
R. 7W. Clay. Index maps, generalized columnar sections, logs of auger
drill holes and opencut, Possible use: Ceramic products.

139-140, Center SWiNE{ sec. 25. Hole C=56. (McMillan and Wilson,
1948, p. 30, figs. 1-3, 9.)

139, Clay, dark-gray; 23-28 ft below surface.
140, Clay, gray; yellow streaks; 8.5~ 22,5 ft below surface,

141, SE part SWNE} sec, 25, Hole C-66. (McMillan and Wilson, 1948,
p. 31, figs, 1-3, 9,) Clay, gray; red and yellow streaks; some sand
and silt; 4, 5= 12, 5 ft below surface,

SE part SW4NE} sec. 25, C-Cut=4, (McMillan and Wilson, 1948,
p. 33, 32, figs, 1~3, 9.) Clay, varicolored; 4, 5-12,3 ft below surface,
143-144, Center SE{NE} sec, 25, Hole C-57, (McMillan and Wilson, 1948,
p. 30, figs. 1-3, 9.)
143, Clay, black; 11-21 ft below surface.
144, Clay, gray, yellow, mottled; 6~11 ft below surface,
145, Center SENW} sec. 25, Hole C=55. (McMillan and Wilson, 1948,
p. 30, figs. 1-3, 9.) Clay, red-yellow; 6~13 ft below surface,
146, Center NE4SE} sec. 25, Hole C-58. (McMillan and Wilson, 1948,
p. 31, figs. 13, 9.) Clay, gray; yellow sireaks; 10-18 ft below surface.
147-148, NWiSE} sec. 25. Hole C-5-50. (McMillan and Wilson, 1948,
p. 32, figs, 1-3, 9,)

147, Clay, red, grays 9-27 ft below surface,

148, Clay, gray; 2-6 ft below surface.

NW3SES sec, 25, Hole C-S8-51, (McMillan and Wilson, 1948, p, 32,
figs. 1-3, 9,) Clay, gray, yellow; 3-15 ft below surface.

150, Center SE{SE4 sec. 25, Hole C-65. (McMillan and Wilson, 1948,

p. 31, figs. 1-3, 9.) Clay, gray-black; red and yellow swreaks;

8-13 ft below surface,
Ellsworth County. Dakota sandstone, Terra Cotta clay member. SW§ sec.28,
T. 15 S., R, TW, Analysts, Thompson and Runnels, Lab, No. El-20-EA,
(Plummer and Romary, 1947, p, 139, 10, 42, 43, 132, 138, 141, 142, 144,
148, 150, pl, 1,) Bed 13,1 ft thick, sectioned from top to bottom as follows:

2,9 ft.., clay, attop light-gray, plastic; at bottom gray, lignitic,

0,5 ft ... kaolin, white, banded with light-gray.

2.9 ft ... clay, dark-gray, slight yellow stain, slightly silty, lignitic,

5.0 ft .., silt, nearly white, some yellow stain, kaolinitic,

1. 8ft... clay, gray, very silty, lignitic,
Index map, outcrop map; detailed measured section, correlated columnar
sections, Ceramic tests, physical properties, mineralogy. Temperature-
specific gravity and temperature-apparent specific gravity curves, absorption-
temperature curve, porosity-temperature curve, Possible use: Refractories,
Ellsworth County. Pleistocene, Meade formation, Pearlette ash bed. Analyst,
under supervision of Runnels. (Carey and others, 1952, p, 20, 4, 12, 15, 24,
43.) Volcanic ash, Index map, generalized columnar section, screen
analyses, Possible use: Abrasive, cement material, ceramic glaze,
lightweight aggregate,

152, Center north line SW% sec. 22, T, 15 S., R. 7 W. Lab. No. ELV-2A.
From lower 3, 0 ft of bed 9 ft thick, contains silt,

153-154, SE{NW} sec. 28, T. 16 S., R. 7 W. Bed 13,5 ft thick; lower
9.5 fr, light-colored, clean ash; upper part, some sweaks of silt and
clay. Estimated tonnage.

153. Lab. No. ELV-24-A. From lower 7.5 ft of bed.

154. Lab. No, ELV=24-B. From upper 6.0 ft of bed,
Ford County. Dakota sandstone, Janssen clay member. Analysts, Thompson
and Runnels. Index map, outcrop map; correlated columnar sections,
Ceramic tests, physical properties, mineralogy. Possible use: Refractories.

155. SWiSw} sec. 19, T. 25 S., R. 23 W. Lab, No, F=3-2, (Plummer
and Romary, 1947, p. 123, 10, 42, 43, 116, 122, 125, 128,) Siliceous
fire clay, very light gray to white, smooth, hard; some limonite
filling in root cavities; 5.4 ft thick., Detailed measured section.

NE part sec. 25, T, 25 S,, R. 24 W, Lab, No, F-2-2, (Plummer and
Romary, 1947, p. 101, 10, 42, 43, 99, 102, 105, 212,) Fire clay,
very light gray, plastic; conchoidal fracture.

Franklin County, Pennsylvanian, Stanton limestone, Eudora shale member,
SWiSW} séc. 6, T, 17 S., R. 19 E., Ross quarry. Specirographic analyst,
Reed, Lab. No, 48-311, (Runnels, 1949, p, 44, 42, 45.) (Analysis suggests
4.2 percent gypsum, 2,0 percent phosphate; shows 3, 5 percent alkalies, 1.1
percent TiO.) Phosphate-bearing shale, 8 ft thick, composite sample.
Dried at 140° C. Possible use: Fertilizer.

Gove County. Meade formation, Peatlette ash bed, Analyst, under super-
vision of Runnels, (Carey and others, 1952, p, 20, 4, 12, 15, 24, 43,)

142,

149,

156,

161,

162,

163-165,

166,

167,

168,

169,

170,

171-180,
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NE4SW} sec, 21, T. 13 §,, R, 26 W, Estimated tonnage, Screen analyses.
Possible use: Abrasive, cement material, ceramic glaze, lightweight
aggregate,

158, Lab. No, GV-1A. Volcanic ash, fresh, scattered concretions and
yellowish streaks in lower 4-6 ft; from lower 6 ft of bed 17 ft thick,
Lab. No. GV~1B, Volcanic ash, fresh, scattered concretions; from
upper 11 ft of bed 17 ft thick. Mechanical analysis.

Graham County. Meade formation, Pearlette ash bed, NE{SW} sec. 11,

T. 8 S., R. 256 W,, (Carey and others, 1952, p. 45) town of Morland.
(Landes, 1928, p. 15, 7, 22,) Volcanic ash, grayish-white. Screen analysis.
Possible use: Abrasive.

Grant County, Meade formation, Pearlette ash bed. NW} sec. 24, T. 308.,
R. 35 W,, Western Spar Products mine, Lab, No., GVT-3, (Landes, 1928,

p. 15, 7, 22, 23,) Volcanic ash, gray, average thickness 9 ft; overburden
1-4 ft, Estimated tonnage. Index maps, generalized columnar section.
Screen analyses. Possible use: Abrasive. (Formation, section, screen analy=
sis, index map, generalized columnar section from Carey and others, 1952,
p. 4, 12, 24, 45,)

Grant County. Meade formation, Pearlette ash bed. SEiNE} sec. 1, T. 30S.,
R, 36 W, Analyst, under supervision of Runnels, Lab, No, GTV-1. (Carey
and others, 1952, p, 20, 4, 12, 15, 22-24, 45,) Volcanic ash, fresh, some
fine sand; 19,5 ft thick in pit; maximum thickness, 23,5 ft, Index map,
generalized columnar section; screen analysis, mechanical analysis, Possible
uses Abrasive, ceramic glaze, cement additive, lightweight aggregate.
Greenwood County, Pennsylvanian, Howard limestone, Aarde shale member.
(McMillan, 1956, p, 214, 194, 195, 220, 221, 248, pl, 1,)} Selected sam=~
ples. Index map, outctop map; col section; mechanical analyses;
X-~ray diffraction data, Estimated amounts of clay constituents,

163. Nodaway underclay. Sec.33, T. 24 S., R. 11 E. Underclay, ash~
gray, plastic; 0-5 inches below coal; from thin film to 1, 7 ft thick.
Nonmarine shale, Sec. 33, T. 24 S., R.11 E, Shale, yellowish-
brown; 5-11 inches below coal; 0, 1 inch -2 ft thick.

Nonmarine shale. Sec, 12, T, 28 S,, R. 10 E, Shale, yellowish~
brown; 0~6 inches below coal; 0,1 inch - 2 ft thick, (For another
analysis from same measured section see sample 23, group E of

this compilation. }

Harper County. Permian, Ninnescah shale, Runnymede sandstone member.
NE4SE} sec. 10, T. 315., R. 6 W. Analyst, under supervision of Runnels,
Lab, No, 1139, (Swineford, 1955, p, 122, 10, 11, 28, 29, 46, 47, 113,) Silt-
stone, gray, dolomitic. Index and geologic maps; detailed measured section,
generalized columnar section; mechanical analysis. Possible use: Brick.
Harper County. Permian, Salt Plain shale. S} sec.3, T.32S., R.9W.
Analyst, under supervision of Runnels, Lab, No., 1137, (Swineford, 1955,

p. 122, 10, 11, 27, 28, 58, 113, 128,) siltstone, red, sandy. Index and
geologic maps; detailed measured section, generalized columnar section;
mechanical analysis; photomicrograph.,

Harper County, Salt Plain shale, S} sec. 3, T.32S., R. 9 W, Analyst,
under supervision of Runnels. Lab., No. 1156. (Swineford, 1955, p. 122,
10, 11, 27, 28, 58, 113, 128,) Siltstone, red, argillaceous, Index and
geologic maps; detailed measured section, generalized columnar section;
mechanical analysis; photomicrograph.

Hodgeman County. Upper Cretaceous, Graneros shale, and Dakota sandstone,
Janssen clay member, Center SWi sec, 8, T, 23 S., R, 22 W. Analysts,
Thompson and Runnels. Lab, No, H-3-4. (Plummer and Romary, 1947,

p. 180, 10, 42, 43, 177, 179-182.) Composite sample: Graneros shale, clay
shale, dark-gray, very fine grained, plastic, some pyrite, 3,8 ft thick; Dakota
sandstone, clayey silt, gray, friable, 1,7 ft thick, Index map, outcrop map;
detajled measured section, correlated columnar sections, Ceramic tests,
physical properties, mineralogy. Possible use: Lightweight aggregate, in~
sulating and siructural tiles and blocks, stoneware, earthenware.

Jewell County. Upper Cretaceous, Carlile shale, Codell sandstone member,
Sec, 27, T. 4 S., R. 8 W, Lab, No, J-3-ss. (Runnels and Dubins, 1949,

p. 23, 4, 6,) Sandstone, dirty-yellow to gray, friable. Index map,

Jewell County. Carlile shale. Sec. 5, T. 1S., R. 7 W., Nebraska Portland
Cement Co. quarry. Use: Cement material,

171, 5% sec, 5. Lab, No, N=59, (Barbour, 1913, p, 103.) Shale, light-

gray, even-grained, soft. Physical tests on cement product,

172, 8% sec. 5. Lab, No. M-602, (Barbour, 1913, p. 10L,) Shale,

173. S} sec. 5. Lab, No, M=603, (Barbour, 1913, p, 101.) Shale.

174-175. Sk sec, 5. Analyst, Robinson. (Barbour, 1913, p. 97.) Clay,

176, SEiSW% sec. 5. (Barbour, 1913, p. 106,) Shale,

177-180. NW4SE} sec. 5. (Barbour, 1913, p, 106,) Shale.

159,

164,

165.
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TABLE 3~ Analyses of samples from Kansas containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--Continued

Kansas
181 182 183 184 185 186 187 188 189 190 191 *192
15B45-15 | 15B45-12 | 15B45-11 | 15B45-13 | 15B45-10 | 15B45-14 | 15B46-2 | 15B46-3 | 15B46-4 | 15B46-5 | 15B46-1 | 15B50~1
Si0gussaasascarancosroannons 73,32 73,11 72,84 73.26 12,24 73,36 73,90 74, 50 77.03 77,04 68. 64 47,79
AlyOg . aseneescnsssnsacssnnne 10,76 12,45 12,12 10,94 11,52 12,32 12,38 11,24 8.85 11,36 16.28 14,44
Fe,Os. . 1,66 1,41 1.55 1,83 1,68 1.72 3,26 3,38 3.32 2.62 4,15 3,37
MgO... .23 .06 .02 .31 .21 J14 .99 1,60 1,57 1,25 1.58 1,64
CaO.., .53 .54 .62 .66 .76 .07 .63 .64 .69 .46 2,17 3,03
N2;0..... 2,217 12,93 2.66

KoO e oo 5 30 1545 28,59 { 518 } 28,25 217,93 U I ceeene
TiOgeeseseesnnacosnssscennen 1.36 14 .18 1,22 1,01 .54 1,34 1,60 1,46 1,11 1.21 1,00
P205ecceassassosacasnnssanns Tr. Tr. Tr. Tr. <,01 Nil 1.29
MBO:eieasaaceaossasersanees P R .98
SO5 verennrnrnnneeenannn U . Nil Tr. e, e, .39
Ignition JOSS o esusseenrvssanns 3,93 3,91 4,08 3.95 4,33 3,92 6.42 5.16 4,62 5,02 5.66 | 421,42
TOtaleeesearoaseasasanne 99,36 100. 00 100, 00 100,01 | <100.01 100, 00 598, 92 598,12 597,54 598,86 |6 100,67 94.37
Class uueuerecnooennneeeenes | 52,37,1 | 50,41,1 | 50,40,1 | 52,37,2 | 50,39,2 | 50,41,0 | 48,46,3 | 51,42,3 | 58,35,3 | 54,41,3 | 35,59,1 | 18,66,6

*193 194 195 196 197 198 199 200 201 202 203 204
15B50-2 | 15B50-3 | 15B52-1 | 15B53-5 | 15B53~6 | 15B53-7 | 15B53-8 | 15B53-9 | 15B53-4 | 15B53-1 | 15B53-3 | 15B53-2

52.96 55. 97 55,25 68. 97 70, 00 71,03 71,60 80, 50 68. 40 65, 91 67.04 66,75

12,43 15,72 17.92 19.96 16. 77 19,22 18.15 10. 79 20, 60 22,91 22,43 22,26

4.19 4.30 5,48 .59 1,58 .69 1,35 1,72 1,11 .13 .65 .79

1,55 1.74 2,08 1.04 1,26 .49 1,00 .68 .90 .85 1.06 .92

4,29 6.19 4.55 .72 .64 .55 .50 .29 .75 .93 .83 .87

N3zO vivvnroarorsscsannansan ceeeee .92

K30 tervnnnennnnserecanasans 2.07 3,01 .15 -18 1.10 2.00 250 +20 -8 - 66
TiOevivenvocasonasronnanas .85 1.18 .99 .48 1,71 .72 1,00 .86 .70 .35 .33 .45
P205eseianuoionaesnssacinens 3.20 .09 .11
S0 teervnecaransansnnssenas .35 .96 .19
IgNItion 1088 veevesranesnsanas | $18,00 410,74 8,97 5.54 6.03 6. 71 5,30 4,18 6. 00 8.16 6.86 7.30
Totalesessssessnraseneas | 100,09 96.89 | 799,47 97.30 100, 14 99, 59 100, 00 100, 02 99,96 100,04 | ¢99,96 100, 00
Clas8 ciuvesarnnenrnaneeeanns | 26,60,8 | 23,58,12 | 17,67,7 | 33,62,1 [ 39,54,3 | 36,60,2 | 38,58,1 | 59,37,2 | 31,651 | 2571,3 | 27,69,2 | 27,69,3

*205 206 *207 208 *209 *210 *211 212 213 214 215
15B53-12 | 15B53-10 | 15B55-6 | 15B55-1 | 15B55-7 | 15B55-9 | 15B55-8 | 15B55-2 | 15B55-3 | 15B55-4 | 15B55-5

Si0g4sernneceonnnnnn 72, 51 72.28 52,16 72.73 72,31 67,19 65. 37 65.317 69, 88 67,178 68. 66
AlOg e irsusircnereserssscsnssscsananans 11,55 12, 60 13.46 11,55 12,14 13.61 11,61 12,00 14,03 12, 55 12,27
T 1,21 1.71 7.41 1,65 1,75 3,55 3.10 3,41 4,24 3,47 2,59
MEO: e eeivuonoenseessessocsanancnsnnens .07 .22 .90 .12 .14 1.99 1.79 1.89 1,67 1.64 1,54
Ca0.ttuuiirnnseserensossancscnsscssaes .68 .69 4.36 .92 .84 3,76 5.85 5.88 1,42 4.35 4.57
N2;0.. 12,77 2.90 .46 } 2g.35 { 2,84 21,37 21,45 21,14 2,91 21,41 24,11
K20 ... 16.86 5.45 2.60 . 6,37 2,94 2,89 2.78 2,88 2,78
H,0-°. (.97 (.886) (.13) (1.26) (.90) (.72)
TiO,. .54 .27 1.58 .38 .26 .84 1,69 .83 .90 .58 .95

P,05. Tr. . 008 .23 Nil Nil Tr. .10 Tr. Tr. Tr. Tr.
SO, . . Nil Tr. 7.10 3 Tr, .10 Tr. Tr. ,05 .05 .05 .05
INItiON 1088 s eesaessessssosannarssannons 3.81 3,83 10,79 4,30 3,29 4,15 6.15 6.60 3,99 5.34 5.21
TOtaleseessesnsnssocsanesenenaonnns | 100,00 99.96 [9101,05 100. 00 100, 04 100, 00 100. 00 99, 95 99,97 99,95 99,95
ClBSS o vvurerannnsasasesoannnannnsensess | 51,38,1 | 48,42,1 | 20,60,2 | 50,39,2 | 49,41,0 | 39,50,1 | 41,42,5 | 40,44,6 | 40,52,0 | 42,46,3 | 44,43,3

Qualitative spectrographic analyses

[SC=Standard carbon electrodes used. HP =High purity graphite electrodes used. Higher numbers indicate
greater abundance, Further explanation of table, (Runnels, 1949, p. 45) ]

[Standard carbon electrodes used. Higher numbers indicate greater abun-
dance. Further explanation of table, (Frye and others, 1949, p. 87) ]

192 193 194 192 193 194 210 211 212 213 214 215
sC HP SC HP SC HP sC HP

- ND 6 6 6 P2 | 5 3 5 5 Vieeearaianaes 5 4 3 6 4 4
Na...oevnnnns 5 “ee “es e ZI tevenaansnn 5 2 4 5 3 4 ND 4 ND ND
Kiciverenanns 8 “ee MOiseearvnnen ND 2 5 2 8 8 7 9 7 1
Vieerieneenns 8 6 7 6 Ag iioiene 4 4 5 2 ND ND ND 4 ND ND
Clicivnienennan 9 8 9 8 Pb eevveinrans ND 5 4 4 6 ND ND ND ND ND
Mn........... 5 6 8 10 Sleevvrennnen ND ND ND ND 6 6 4 6 6 4
[ 6 7 8 7 4 4 ND 5 2 2

! Na;0 + K;0 by difference; ratio by spectrographic determination,

2 By difference,
$ Reparted as slight trace.
4 At1,000° C,

® Difference between total and 100 percent is largely alkalies;

sample 189, total, 97.57 in text.

6100, 72 in text,
799,77 in text.
899, 13 in text,

9105° -

140° C,,

2 99,94 in text.

(not included in total),
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Jewell County., Pleistocene, Meade formation, Pearlette ash bed. Analyst,
under supervision of Runnels. (Carey and others, 1952, p. 20, 4, 12, 16, 22,
24, 47.) Estimated tonnage. Index map, generalized columnar section,
Possible use: Abrasive, ceramic glaze, cement additive, lightweight aggregate,

181, NW4NE} sec, 16, T.1S., R. 6 W, Lab, No. JV-6. Volcanic ash,

17 ft exposed in open pit, basal § ft sampled by augering; overburden
1-14 ft, Screen analysis, mechanical analysis, cumulative size
frequency curves.

NW1SE} sec. 82, T.18S., R. 9 W, Lab. No. JV-3A.
from lower 5.5 ft of bed 9 ft thick,

NW4SE} sec. 82, T. 1S., R. 9 W, Lab. No. JV-3B.
from upper 3.5 ft of bed 9 ft thick; 4 ft overburden,
SWiNE} sec, 7, T.2S., R. 9 W. Lab., No, JV-11A.
from lower 4, 0 ft of 8 ft exposure.

SEXNE} sec. 6, T.3S., R. 8 W, Lab. No, JV-1, Volcanic ash,

from bed 2, 5 ft thick,

NENE} sec. 29, T.5S., R.9 W. Lab, No, JV-1, Volcanic ash,

from bed 6. 5 ft thick; overburden 3 ft. Screen analysis.

Johnson County, Pleistocene, Sanboen formation, SE} sec, 33, T, 118,,

R. 23 E, Analyst, Runnels. (Plummer and Hladik, 1948, p, 74, 62.) silt.
Index map, Possible use; Ceramic slag,

187, Lab. No. JN-AG-21A.

188, Lab. No. IN-AG=~19A,

189, Lab. No. IN=AG~21B,

190. Lab, No, JN-AG-19B,

Johnson County, Sanboen formation, SE} sec, 34, T, 11S., R. 23 E,
Analyst, Runnels, Lab., No. JN-1-A, (Plummer and Hladik, 1948, p, 74,
62, 82, 83.) Clay, 30 ft thick, Channel sample, Index map, Firing and
physical properties of ceramic slag, Possible uses Railroad ballast,

concrete aggregate,

Labette County, Pennsylvanian, Spectrographic analyst, Reed. (Runnels,
1949, p. 44, 42, 43, 45,) Shale, Samples dried at 140° C.  Possible use:
Fertilizer,

*192, Pawnee limestone, Little Anna shale member (presumably same as
Pawnee limestone, Anna shale member, Moore, 1949, p. 56). NE}
sec, 16, T, 33 S,, R. 21 E, Lab. No, 48-220, (Analysis suggests

3.1 percent phosphate; shows 1, 0 percent TiO;.) Shale, composite
sample; from 2 ft bed.

Pleasanton shale, SF% sec, 17, T, 32S., R. 19 E. Lab, No, 48-224,
(Analysis suggests 7.6 percent phosphate; shows 2.1 percent alkalies, )
Shale, composite sample; 6 ft thick; 18 ft from top of 29-ft bed.

Size distribution of shales ground in pan mill,

Pleasanton shale, SE} sec. 17, T. 32 ., R. 19 E. Lab. No, 48-219,
Shale, spot sample; 15 ft from top of 29 ft bed,

Leavenworth County, Pennsylvanian, Vilas shale, NW4NE} sec, 19, T, 9 S.,
R. 23 E. Analyst, under supervision of Runnels, Lab. No, LV~5, (Plummer
and Hladik, 1951, p. 20, 24, 25, 31, 34, 62,) Shale, dark-gray, unoxidized;
20, 0 ft sampled; 24, 0 ft available, Geologic map. Results of experimental
production of lightweight aggregate, screen analysis of lightweight aggregate,
bloating results, Possible use: Lightweight aggregate.

Lincoln County, Upper Cretaceous, Dakota sandstone. Analysts, Thompson
and Runnels., Index map, outcrop map; detailed measured sections, correlated
columnar sections, Ceramic tests, physical properties, mineralogy,

196, Terra Cotta clay member, SE} sec, 1, T. 11S., R. 6 W, Lab, No.
L=6-11, (Plummer and Romary, 1941, p. 101, 10, 42, 43, 98, 99,
102, 105, 107, 148, 150, pl. 1.) Plastic fire clay, 8.0 ft thick.
Upper 8.5 ft; light-gray, slight yellow stain. Lower 4,5 ft; dark-gray,
no stain, very tough. Lignitized fossil leaves abundant. Temperature~
specific gravity and temperature-apparent specific gravity curves,
absorption-temperature curve, porosity-temperature curve,

Possible use: Face brick, structural tile, refractories.
Terra Cotta clay member. SE} sec. 1, T.11S., R.6 W, Lab, No,
L=6=6, (Plummer and Romary, 1947, p. 123, 10, 42, 43, 117, 122,
125, 128, 130, 148, 150, pl. 1.) Siliceous fire clay, 8.2 ft thick
sectioned from top to bottom as follows:

0,7 ft ... dark-gray, plastic,

0,7 ft ... light-gray, silty,

4.8 ft ... light-gray, some yellow in vertical joints, plastic.

2.0 ft ... gray to dark-gray, some yellow stain on joints,

plastic; lignite fragments,

Temperature-specific gravity and temperature-apparent specific
gravity curves, absorption-temperature curve, porosity-temperature
curve, Possible use: Refractories, brick,
Terra Cotta clay member, SE} sec. 1, T. 11 S,, R. 6 W. Lab. No.
L~6-13, (Plummer and Romary, 1947, p. 123, 10, 42, 43, 116, 122,

182, Volcanic ash,

183, Volcanic ash,

184, Volcanic ash,

185,

186,

205-206,

*193,

*207,
194,

208-209,

210-215,

197.

198,
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125, 128, 148, pl. 1,) Siliceous fire clay, gray, no stain, plastic;
3 ft thick, Small lenses of lignite. Absorption-temperature curve,
Possible use: Refractories, brick,
Terra Cotta clay member, NWiNW} sec, 10, T, 183 S., R. T W.
Lab, No. L-10-01, (Plummer and Romary, 1947, p. 123, 10, 42, 43,
118, 122, 125, 128, pL 1.) Siliceous fire clay, gray to light-gray,
silty; 12,4 ft thick, Lignite and some pyrite in lower 1.0 ft,
Possible use; Refractories, brick.
Janssen clay member, SE} sec, 33, T. 13 5., R. 7 W. Lab. No,
L=-9-7, (Plummer and Romary, 1947, p. 139, 10, 42, 43, 134, 138,
141, 142, 144, 148, 150, pl, 1,) Highly siliceous fire clay, gray,
silty; 40 ft thick, Few lenses of yellow, fine-grained sandstone and
silt 1-5 in, thick; lignite fragments., Temperature-specific gravity
and temperature-apparent specific gravity curves, absorption-
temperature curve; porosity-temperature curve. Possible use:
Refractories, structural products.
201-204, Janssen clay member. SWiNW} sec. 18, T.13 5,,R.10 W,
(Plummer and Romary, 1947, p,101, 10, 42, 43, 99, 102, 105, 106,
118, 122, 150, pl. 1.) Possible use: Refractories, brick,
201, Lab,No.L-39~1, Siliceous fire clay, bed 1; 3.6 ft thick. Upper
1.5 ft; pinkish-gray,yellow bands,silty,lignitic, Lower 2,1 ft;
very light-gray, plastic, streaks of lignitic silt,
Lab.No.L=-39=2, Fire clay, plastic; bed 2; 7.8 ft thick. Upper
5.3 f1; gray, very little stain. Lower 2.5 ft; dark-gray to
nearly black, some lignite,
Lab.No.L=39-3. Siliceous fire clay, gray, slight yellow stain,
silty to very silty; bed 3; 4.5 ft thick.
Lab.No.L=39-A. Siliceous fire clay. Composite sample;
samples from successive beds 1,2, and 3 combined in proportion
to thickness of beds, Porosity~temperature curve.
Lincoln County., Meade formatjon, Pearlette ash bed, Sec. 27, T. 18s.,
R. 10 W, Analyst, under supervision of Runnels, (Carey and others, 1952,
p. 20, 4, 12, 16, 22-24, 49, 50.) Volcanic ash, clean, fairly fresh; over~
burden relatively thin, Index map, generalized columnar section, screen
analyses, Use: Ceramics, sweeping compound. Possible use: Abrasive,
ceramic glaze, cement additive, lightweight aggregate.
*205, SE4SW} sec, 27. Lab, No. LV~1, (Analysis shows 9,6 percent
alkalies.) Maximum thickness, 6.0 ft; exposed in pit. Mechanical
analysis,
SW4SE} sec, 27. Lab, No. LV-2, Maximum thickness, 6.5 ft;
exposed in pit.
Logan County, Upper Cretaceous, Pierre shale, Center S} sec, 8, T. 12 5.,
R. 36 W. Analyst, under supervision of Runnels, Lab. No. LO-2. (Plummer
and Hladik, 1951, p. 21, 28-30, 45, 64-66.) (Analysis suggests 13,4 percent
gypsum; shows 3. 1 percent alkalies, 1.6 percent TiO;.) Shale, pink and
gray, unoxidized; 25 ft sampled; 30 ft available. Index map, geologic map.
Results of experimental production of lightweight aggregate, screen analysis
of lightweight aggregate; bloating results, Possible use: Lightweight aggregate.
Logan County, Meade formation, Pearlette ash bed. Analyst, under super~
vision of Runnels, (Carey and others, 1952, p. 20, 4, 12, 16, 24, 25, 50, 51,)
Index map, generalized columnar section, screen analyses. Possible uses
Abrasive, ceramic glaze, cement additive, lightweight aggregate.

208, SE4SW} sec, 35, T, 13 S,, R, 33 W, Lab, No, LOV-54, Volcanic
ash, light-gray, few brown streaks; maximum thickness, 6 ft,
SWiNW} sec. 12, T. 13 5., R. 35 W, Lab. No. LOV-3, (Analysis
shows 9,2 percent alkalies,) Volcanic ash, fresh, clean; maximum
thickness 14, 0 ft; overburden 10 ft,

Logan County. Sapbosn formation, NE} sec. 32, T. 12S., R. 37 W.
Spectrographic analyst, Reed. (Frye and others, 1949, p, 84, 52, 56, 86-88,
97.) Ssilt. Index map, generalized columnar section, Plastic and dry
properties, fired properties.

210-212, Peoria silt member. Possible use: Ceramic slag.

*210, Sample No, 3-A, Silt, 21 ft below top of section. (Analysis
suggests 5, 2 percent more CaO and MgO than required for
carb shows 4,3 p alkalies, )

Sample No. 3-B. Silt, 16 ft below top of section. Analysis
_suggests 4.8 percent more CaO and MgO than required for
; shows 4,3 p alkalies, 1,7 percent TiO,.)

212, Sample No, 3-C, Silt, 12 ft below top of section.

Peoria silt member, Brady soil, Sample No, 3-D, $ilt, 8 ft below

top of section, Possible use: Ceramic materfal,

214-215, Bignell silt member. Possible use: Ceramic aggregate, railroad
ballast,

214, Sample No, 3-E. Silt, 6 ft below top of section,

215, Sample No, 3-F, Silt, 3 ft below top of section.

199,

200,

202,

203.

204,

206,

*209,

*211,

carb

213,
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CHEMICAL COMPOSITION

OF SEDIMENTARY ROCKS

TABLE 3, — Analyses of samples from Kansas containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--continued

Kansas
*216 *217 218 219 220 221 222 223 224 225 226 2217
15B57-5 | 15B57-6 | 15B57-1 | 15B57-3 | 15B57-4 | 15B57-2 | 15B60-7 | 15B60~6 | 15B60-1 | 15B60-2 | 15B60-3 | 15B60-5
52,59 52. 89 72.30 72.95 73.06 72.66 72,40 72.09 69.82 71, 47 71, 63 70.26
15.76 | 115,83 | 213,62 12,30 11,54 11,59 11,45 11.48 13,33 11,75 12,22 12,75
1.96 35,87 2.33 1.73 1,31 1.68 1,70 2,07 1.80 1.63 1.50 1.84
6.31 6.39 2 99 .16 .09 .16 .31 .65 .49 1,12 1,36 .41
5,63 3.97 . .69 .63 1,00 .76 1.06 .72 .97 .83 .76
} 5. 80 { .12 4,00 42,90 5 5.28 { 3.05 42,42 42,34 2.37 42,88 42,11 42,87
K20 eevnnnnn . e . 3,23 2,00 45,04 . 4,80 45,75 45,49 5.95 45,18 45,34 45,54
Ti0 veveeecronennns .57 61,39 .30 .97 .51 .31 .53 .16 .50 .49 .70
.32 .14 vees Tr. <.,02 Tr. Nil Tr. Tr. Tr. Tr., Tr.
e b R Nil "Tr, veeres Tr. Tr. .31 Nil Nil Tr.
... 10.23 89,11 24,68 3.93 4,12 4,26 4.90 4.29 5.17 4.50 4,52 5.37
.ee 99.17 99.54 99,92 100,00 | <100, 02 99.71 100. 00 100. 00 100,12 100. 00 100, 00 100, 00
ve. | 23,52,12 | 18,62,7 | 46,47,2 | 49,41,1 | 51,38,1 | 50,39,2 | 50,39,2 | 49,40,2 | 44,45,2 | 49,39,2 | 48,40,2 | 46,44,2
228 229 230 231 232 233 234 *235 236 237 238 239
15B60-4 | 15B62-1 | 15B63-3 | 15B63-4 | 15B63-5 | 15B67-1 | 15B67-2 | 15B68-1 | 15B69-8 | 15B69-7 | 15B69-14 | 15B69-5
Si0peseunnencriarasosonniass 72,01 66. 06 64. 62 62. 69 68.23 65,24 79,32 71,16 73,44 71,98 76, 68 71,14
o 11.40 16. 94 21,82 17.61 14.72 95,02 9,95 11.70 11,36 10. 94 9,77 11,20
Fe;03... .. 1,49 4,01 veeeen 6. 62 5.89 33,48 2,35 1.47 2,01 1.93 1,44 1,89
MgO.... .e .46 1,56 .43 1.49 1,33 1.08 .31 .38 .08 .15 .27 .41
[oFYo T .17 .51 2.50 .61 .46 12.49 .93 1.46 .61 2,14 1,45 1,81
N2gOvvvvenannnns 42,68 .48 .67 .55 .59 1,81 2,33 42,08 s 5
K2O vevennannn 45.98 3,04 415 2,95 2,52 .39 1.43 } F9.84 { 5.23 45.94 } 6.86 .81
TiO2 seevnvesssencessanaecns .88 .81 1.20 1.54 .99 .16 .39 .33 .51 .50
PpO5eseeenncsrancsceseanaens Nil .05 .14 .15 .06 .06 Tr. Tr. <,01 .03
805 vevaersranonnosnarennaas Tr. .04 Nil Nil Nil Nil Nil Nil Tr. Tr.
IgNItion 1088 s evvasacnenn. 4.33 6. 40 05, 01 5.62 4,81 | 11,65 o 70 3,86 3,93 4.51 3,02 5,21
TOtaleuerarenreaaennnnas | 100,00 299,90 98, 53 99,60 100,20 100, 00 99.85 [ 100,03 99,38 100,00 |<100.01 100, 00
Class cuurearennnnnas veeeess. | 50,38,2 | 32,61,2 | 26,65,3 | 24,68,0 | 36,58,0 |52,23,21 | 59,350 | 49,39,1 | 51,39,1 | 50,38,3 | 58,33,0 | 49,38,4
240 241 242 243 244 245 246 2417 248 249 250
15B69-15 | 15B69-16 | 15B69-17 | 15B69-22 | 15B69-21 | 15B69-18 | 15B69-20 | 15B69-19 | 15B69-23 | 15B69-24 | 15B69-25
Si0)eeanenaanennn reeereenenes ceeneae 69. 44 70, 92 71.35 72.35 70,16 68. 39 70. 05 69. 62 69.97 71,22 68. 80
AlyOg.veseecerosaseessesssasasssescanns M11.22 13,11 14, 60 13.56 14,02 12,38 12,99 11,91 11.60 12,78 11,92
o PP 2.67 3,97 3.53 3.46 2.70 3,56 3.91 3.60 3,27 3,25 4,29
MEOustaunsesasanssaronssasscassannann . 1,20 1,74 .99 1.77 2.22 1,79 1.55 1,28 1. 65 1.51 1,95
0P o T P 5.77 1,49 1.90 2,04 2.87 3,32 1.63 2,29 3.47 2.32 3,30
Na,0, by difference...covesvesorancecnss 1.79 2,62 1.36 .24 .97 1.75 .98 1,89 .99 .42
KO avnrunnnnnnesieesseonsseasnncnacsas 2,47 2.80 2.50 2.78 2.19 2,57 3,31 3,22 2.99 3.29
(.35) .79 (.99 (.83) (.67 (.67) (. 68) (.70) (. 49) (.42)
cevene | e | e . .54 1,02 .79 .49 .73
.09 .08 .08 .14 .15 .16 .14 .14 .17 .15
Tr. Tr. Tr. Tr. Tr. .05 Tr. Tr. .05 .00 ceeees
5.35 3,27 3.69 3.66 4,12 5.54 4,42 5.26 5.40 4,48 4,58
100, 00 100, 00 100, 00 100, 00 99, 40 100, 05 100. 00 100. 00 100. 05 100,15 | '¢ 96,29
47,40,4 | 43,48,0 | 42,52,0 | 44,49,0 42,49,0 | 42,46,3 | 43,49,0 | 45,45,3 | 46,43,4 | 45,46,1 | 43,46,1

Spectrochemical analysis

[standard purity graphite electrodes used; Zn, Mo,
Ag, and Ba not present in detectable amounts]

Qualitative spectrographic analyses

explanation of table (Frye and others, 1949, p,87) ]

[Carbon electrodes used. Higher numbers indicate greater abundance. Cu, Za not detected, Further

233 240 241 242 243 24 245 246 247 248 249

Beveroessssseanness| 0,01 Ni,eeossannaenses] 0,001 Vieeesesosenaannse 6 7 7 7 6 6 7 7 7 7
.07 .00005 4 4 4 4 4 4 4 4 4 4

.025 .0014 6 1 1 1 6 T 8 8 8 7

.01 .01 4 4 4 4 4 7 8 8 8 8

Mleesesansssoanans] o06 Slecesessnsaasene] o002 Ag cesecsncvennns [annsns ND ND ND e T ND ND ND ND

! Includes MnO;.

% A3,0; reported as 16, 62 percent; CaO reported as 0. 99 percent;
ignition loss not reported (Jewett and Schoewe, 1942, p, 171),

% Total iron.

* Na;0+K,0 by difference; ratio by spectrographic determination.

s By difference.
® Includes ZrO, and V05,
" Reported as slight trace.

8 140°-1, 000° C,

9 Includes MnO, ZrO;, V,05, and TiO, if present.

10 Reported as HyO .
1 105°-1, 000° C,
12 99,81 in text.
13100. 00 in text.
4 Includes TiO, .

15105°-140° C., not included in total.
18 Difference between total and 100 percent is largely alkalies.



*216,

*2117,

218,

219-221,

222-228.

229,

230,
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McPherson County. Permian, Wellington formation. SW% sec. 8, T. 18 S.,
R. 3 W, Analyst, Runnels, Lab. No. MP-7, (Plummer and Hladik, 1948,
p. 74, 62, 80, 81.) (Analysis shows 5.8 percent alkalies; suggests 5, 8
percent more CaO and MgO than required for carbonates,) Shale, 8 ft thick;
channel sample. Index map, Firing and physical properties of ceramic slag.
Possible use: Ceramic slag.

McPherson County. Permian, Ninnescah shale, SEfSWi sec. 8, T. 18s,,
R. 3 W., (R. T. Runnels, written communication, 1957), Lab, No., 48275,
(Swineford, 1955, p. 122, 10, 11, 25, 28.) (Analysis suggests 6.6 percent
more CaO and MgO than required for carbonates; shows 4. 0 percent alkalies;
1.4 percent TiOp.) Shale, red, blocky, Index map, generalized columnar
section, Possible use: Lightweight ceramic aggregate, brick,

McPherson County, Pleistocene, Meade formation, Pearlette ash bed;

Nwj sec, 20, T, 18 8., R, 3 W., (R. T. Runnels, written communication,
1953). (Plummer, 1942, p. 8, 9; Jewett and Schoewe, 1942, p. 171, 170,)
Volcanic ash, Estimated tonnage. Index map. Ceramic tests, Possible
use: Abrasive, ceramic glaze.

McPherson County. Meade formation, Pearlette ash bed., Analyst, under
supervision of Runnels, (Carey and others, 1952, p. 20, 4, 12, 16, 22, 52,
§3,) Index map, generalized columnar section, Possible use: Abrasive,
ceramic glaze, cement additive, lightweight aggregate.

219. NWjSE} Nwj sec. 20, T. 18S., R.3W. Lab, No. MPV-1. Volcanic
ash, light-colored, relatively clean, fairly fresh, exposed inpit; 8.5 ft
bed, overburden 1-10 ft, Estimated tonnage, mechanical analysis.
SWi Nwi sec. 22, T. 185., R. 4 W. Lab. No. MPV-6A. Volcanic
ash, relatively clean, exposed in small pit; from lower 4, 2 ft of bed
6. 5 ft thick.

SWiNW} sec, 22, T. 18S,, R. 4 W, Lab, No. MPV-6B, Volcanic
ash, relatively clean, exposed in small pit; from upper 2. 3 ft of bed
6.5 ft thick.

Meade County, Meade formation, Pearlette ash bed. Analyst, under super-
vision of Runnels, Volcanic ash, underlain by clay. Index map, generalized
columnar section, Possible use: Abrasive, ceramic glaze, cement material,
lightweight aggregate,

222, SWi sec, 2, T. 31S,, R, 28 W,, Cudahy Packing Co. mine, Lab,
No. MEV-5A. (Carey and others, 1952, p, 21, 4, 12, 16, 19, 23,
25, 26, 28.) Volcanic ash, relatively fresh, exposed in pit; lower
13 ft of 20 ft bed, Mechanical analysis, screen analysis; cumulative
size frequency curve; photomicrograph, electron micrograph,

SW§ sec. 2, T. 318., R. 28 W,, Cudahy Packing Co. mine, Lab.
No. MEV-5B. (Carey and others, 1952, p. 21, 4, 12, 25, 26, 28,)
Volcanic ash, relatively fresh; exposed in pit; upper 7 ft of 20 ft bed.
Screen analysis; electron micrograph.

SE} SE} sec. 33, T. 31 8., R. 28 W. Lab. No, MEV-2, (Carey and
athers, 1952, p. 20, 4, 12,) Volcanic ash, maximum thickness 4, 0 ft,
SW34 sec. 34, T. 31S., R. 28 W, Lab. No. MEV-1A, (Carey and
others, 1952, p. 20, 4, 12, 25,) Volcanic ash, clean; lower 5 ft of
9.5 ft bed, Exposed in pit, pit inactive, Screen analysis,

SW} sec. 34, T. 31S., R, 28 W. Lab. No. MEV-1B, (Carey and
others, 1952, p. 20, 4, 12, 25.) Volcanic ash, few silty streaks,
scattered calcareous concretions; upper 4.5 ft of 9.5 ft bed. Exposed
in pit, pit inactive, Screen analysis,

NE% sec. 9, T. 32S., R, 28 W. Lab, No, MEV-4A. (Carey and
others, 1952, p. 21, 4, 12, 25,) Volcanic ash, dark specks and
some yellow streaks; maximum thickness 8. 0 ft; 23 ft below sample
228, Screen analysis.

NE} sec. 9, T. 32S., R. 28 W, Lab. No. MEV-4B. (Carey and
others, 1952, p., 20, 4, 12, 25,) Volcanic ash, relatively fresh,
clean; upper 6.0 ft, separated by sandy silt from lower bed; pit
inactive, Screen analysis,

Mitchell County, Upper Cretaceous, Carlile shale, Blue Hill shale member.

220,

221,

223,

224,

225,

226,

227,

228,

NWiNW} sec. 26, T. 8., R. 10 W. Analyst, under supervision of Runnels,

Lab. No, MT-1. (Plummer and Hladik, 1951, p. 21, 28-30, 43, 64, 65,)
Shale, pink and gray, unoxidized; composite sample; 79, 5 ft sampled;

90, 0 ft available. Index and geologic map. Results of experimental pro-
duction of lightweight aggregate, screen analysis of lightweight aggregate;
bloating results. Possible use: Lightweight aggregate,

Montgomery County. Pennsylvanian, lower part of Coffeyville formation,
(R, T. Runnels, written communication, 1954), (T. 34 S,, R, 16 E,),
town of Coffeyville, (Haworth, 1903, p, 56,) Shale. Possible use:
Cement material,

231,

232,

234,

*235,

236-239,

240-249,

250,

Kansas--Continued

Montgomery County. Pennsylvanian, Weston shale, North line SE} SW
sec, 1, T, 35S,, R, 13 E. Analyst, under supervision of Runnels, Lab,
No. MG-1-2, (Plummer and Hladik, 1951, p, 20, 24, 25, 30, 31, 35,
52, 57,) Shale, dark-gray, unoxidized; 29.0ft sampled; 45. 0 ft available,
Geologic map. Results of experimental production of lightweight aggregate,
screen analysis of lightweight aggregate; bloating results. Possible use:
Lightweight aggregate,
Formation, locality, analyst, reference, tests, and use as in sample 231.
Lab, No, MG-1-1, Shale, dark-gray, unoxidized; 27. 0 ft sampled; 70, 0 ft
available. Geologic map.
Neosho County. Pennsylvanian, Iola limestone, Raytown limestone member.
NWi} sec, 2, T. 29 S., R. 17E. Lab, No. 52356, (Runnels and Schleicher,
1956, table 22, pl. 3; p. 86, 97.) (Calcareous shale,) Chips from con-
tinuous surface; bed, 5.5 ft thick. Generalized index map, résumé of
spectrographic results.
Neosho County. Pennsylvanian, Canville limestone. NE}NE}NE§ sec. 29,
T. 27S., R. 19 E. Lab. No. O7. (lves, 1955, p, 32, 37.) Sandstone,
outcrop sample, Mineralogy.,
Ness County. Meade formation, Pearlette ash bed, SE}NW% sec. 30,
T. 18 8., R. 23 W, Analyst, Schloesser, Lab. No. NSV-1 and 41,
(Swineford and Frye, 1946, p. 22, 13, 18, 217, 28; Carey and others, 1952,
p. 21.) (Analysis shows 9.8 percent alkalies; suggests 1.2 percent more
CaO than required for carbonate,) Volcanic ash, from 6,0 ft bed. Index
map. Size distribution; bulk density, 2.32; screen analysis, Ridgway color
notation, dominant refractive index, Possible use: Abrasive, ceramic glaze,
cement additive, lightweight aggregate,
Norton County. Pliocene, Ogallala formation, Ash Hollow member, Analyst,
under supervision of Runnels, (Carey and others, 1952, p. 21, 4, 6, 22, 25,
57, 58.) Volcanic ash, Index map, generalized columnar section. Possible
use: Abrasive, ceramic glaze, cement material, lightweight aggregate.
233, Calvert ash bed. NWjSw3 sec. 25, T. 2S., R. 22 W., Wyandotte
Chemicals Corp. mine, Lab, No, NNV-1A, Volcanic ash, gray,
unaltered by weathering, free of silt and sand; from lower 7.5 ft of
bed 17 ft thick; overburden, 2 ft, Screen analysis, mechanical
analysis.
Calvert ash bed, NW}SW} sec. 25, T. 2., R. 22 W., Wyandotte
Chemicals Corp, mine, Lab. No, NNV-1B., Volcanic ash, gray,
unaltered by weathering, free of silt and sand; from upper 4, 0 ft of
bed 17 ft thick; overburden, 2 ft. Screen analysis.
Reager ash bed. Center SEf sec. 16, T. 1., R. 21 W. Lab.
No. NNV-8, Volcanic ash, unaltered by weathering; contains coarse
sand; 4, 0 ft exposed; underlain by sand.
Reager(?) ash bed. Center south line, sec. 1, T. 3 S., R. 22 W,
Lab, No. NNV-6, Volcanic ash, somewhat altered by weathering;
9,5 ft exposed, Overburden about 15 ft thick; underlain by sand.
Screen analysis.

231,

238,

239,

Norton County. Pleistocene, Sanborn formation. NWj Nwi sec. 26, T. 2.,
R. 23 W, Spectrographic analyst, Reed. (Frye and others, 1949, p. 84, 52,
56, 86, 87, 89, 90, 102,) silt. Plastic and dry properties, fired properties.
Index map, generalized columnar section.
240-242, Loveland silt member. Possible use: Brick, tile, lightweight

ceramic aggregate,

240, Sample No. 14-A. Silt, 32.5 ft below top of section,

241, Sample No. 14~B, Silt, 27,5 ft below top of section.

242, sample No. 14-C. silt, 25,5 ft below top of section.
243-245, Peoria silt member. Possible use: Ceramic slag.

243, Sample No, 14-D, silt, 20,5 ft below top of section.

244, Sample No. 14-E, Silt, 15,5 ft below top of section.

245, Sample No. 14-F, Silt, 10,5 ft below top of section.
246-247, Peoria silt member, Brady soil. Possible use: Ceramic material,

246, Sample No. 14-G. Silt, 7 ft below top of section.

247, Sample No, 14-H, Silt, 4.5 ft below top of section.
248-249, Bignell silt member. Possible use: Ceramic aggregate, railroad

ballast.

248, Sample No. 14-I, Silt, 4 ft below top of section.

249, Sample No, 14-J, Silt, 3 ft below top of section.
Norton County. Sanborn formation. Sec. 26, T. 2S,, R, 23 W. Analyst,
Runnels. Lab, No. NN-5, (Plummer and Hladik, 1948, p. 74, 62, 82, 83,
90, 91,) (silt), 19 ft thick, Index map. Firing and physical properties of
ceramic slag. Data on compressive strength, Los Angeles abrasion loss tests,
rotary kiln production, Possible use: Ceramic slag.
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TABLE 3,— Analyses of samples from Kansas containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(GroupB) common and mixed rock categories--Continued

Kansas
251 252 253 254 255 256 257 258 259 260 261 262
15B69-26 | 15B70-4 | 15B70-2 | 15B70-3 | 15B71-1 | 15B71-2 | 15B71-3 | 15B72-2 | 15B72-13 | 15B72-8 | 15B72-12 | 15B72-17
Si03400esssnncsssrnrosnnnes 70, 56 70.36 68,57 69, 63 60, 61 72,70 50. 54 64.78 3,97 72,317 69.24
13,12 14. 02 15, 46 16.39 19,03 12. 56 17,66 22,24 11,73 14,12 15.48
3.27 4,55 4,31 2.48 4,50 4.22 6.02 1,58 4,53 3,31 4,24
MEO: e uraeesuncosrsnaenaens 1.56 1,32 1,39 .83 2,07 2,23 .22 .66
(07X TR 2,85 .28 .23 .28 .41 1,87 18,13 .27 veeene
N2gO esvvacesersnncncnanans 1.18 .34 1,46 1.34 .33
KoO eevvunsnnesncssnnennnes 2,68 3,27 1.98 2,69 3,29
Ti0 vvevevreessorscsannans .73 1,07 1,08 1,40 .84 1.55 1.32
P2O5essnnenans .09 .08 .05 Tr. .05 .08 Tr. Nil
SO3.. . Tr. .14 W17 Nil .04 .04 .05
Seiitiineraasanreitcennns .42 .31 .01 Nil
Ig0ition 1088 4vevereneanaanan 4,36 4,37 4,72 4,80 8.53 2g,71 | 14,35 27,49 6.34 6.18
TOtalueresanonoenannans 100,40 |® 100,22 499,68 599,85 99,70 98, 02 96,92 98, 39 96. 57 95,98 95,91
Cla88 suunrosnessnsannscons 44,47,1 40,53,0 36,57,0 | 38,55,0 | 22,68,5 | 46,47,0 | 30,37,25 | 24,71,2 | 48,48,0 | 39,56,0 | 44,52,0 | 37,59,0
263 264 265 266 267 268 269 | 270 [ 2m 272 2173 274
15B72-14 | 15B72-4 | 15B72-3 | 15B72-9 | 15B72-6 | 15B72-1 15B72~5 15B72-10 | 15B72-11 | 15B72-15 | 15B72-16
Si05uuscsencsansncnsoannsen 74,79 65,14 64,62 69. 86 68,26 64.28 65,35 63,20 71.98 72.24 82,30 73.30
F Yo N 12, 80 18. 62 21,15 15,01 117,86 20,92 20,08 20, 63 17,15 17,51 9,15 14,46
F€30g5.e0varasenreasnsannnes 2,67 3,51 1,98 5,13 2,84 2.63 2,38 3,17 1,55 1,56 1,23 1.54
MBOiiuesvnsraesasoannsennn .58 .13 .09 .21
Cal.ivrvevaess . ctenae seense cessas seeses P ceaces .68 .96 .15 1,00
Na;0+Kp0 ... e 2,06 5.64
TiOgeerasnsasaen . 1,52 1,12 1,13 1,28 1,20 .98 .53 .65
IgNition 1088 v uevssasrossnaas 5,60 7.98 8,33 7,30 8,11 8.59 7.65 6.84 5.44 5,50 4,22 54,60
Totalseserereonanannans 95,86 95,25 97.60 98.42 98,20 97.70 95,46 95,04 98.36 | 799,03 100,45 100,75
Class vevvussnnnnosssnnnaons 49,47,0 | 28,67,0 | 25,7,0 | 38,60,0 | 33,64,0 | 24,72,0 | 27,68,0 [ ....... | 40,55,2 | 40,57,2 | 65,31,2 | 46,47,1
275 276 277 278 279 280 281 282 283 284 285
15B74-4 15B74~17 156B74-5 16B74-6 15B74-8 15B74~10 | 15B74~12 15B74-9 15B74~13 | 15B74-15 | 15B74-14
Si0p.seensenrerensorssranssananosasnnns 57,25 66,44 59,34 61,35 61, 52 72,82 73,00 72,46 73.03 72,90 72,71
8 15,34 17,26 16. 45 17,417 21,47 811,50 $11.31 811,40 11,79 12,05 12,28
F€0g 0uneucsrnnnssrasasacssasssnansone 2,76 2,30 4,16 2.90 2.56 1.26 1.76 1,46 1. 66 1.61 1,65
MEBO: . ertueereronssnsocanserenssasannes .10 .60 .05 .09 .06 .11 .24 .14 .09 .09 .08
Lo o 4,67 2.34 2,59 1.87 3,46 .55 .97 .51 .64 . .54 , .58
.50 3,03 1.79 1.33 93,21 2,36 3,39
} -52 S IERTINE 1.54 { 111 6.02 6.00 6.24 | 4.7 | %639 | %5.06
8.4 6.1 6.0 6.0
.03 .01 .03 .02 .03 . 63. .49 .15 .31 .22 .31
Tr. Nil Nil Tr. Tr. Tr.
.99 1,00 1.87 .93 ceees Tr. Tr. Tr. Tr. Tr. Tr.
IGRITION 1088 vuvevennennnsennsonnnanenss | 16,30 | 3,01 [ 865 | Mg18 8.1 | 24,56 | 2404 | 2519 4,50 3,84 3,94
TOtleesuusenrunsesonsosssssscnnses 96.4 100. 3 99,1 100, 4 99. 42 100, 48 99, 60 99, 48 100, 00 100, 00 100. 00
Class covuevsonosessvonssonsaancensnsess | 27,61,4 1 33,63,0 26,68,2 | 27,68,2 21,71,6 | 51,39,1 51,38,2 | 51,39,1 | 50,40,1 | 50,40,1 | 49,41,1

! Includes TiC,.

2 140°-1,000° C.

% 99,88 in text,
499, 36 in text.
599,84 in text.

® Includes moisture,

7 98.03 in text,

® Includes MnO, and Ga,0Oj if present.

® Na,0+ K;O by difference; ratio by spectrographic determination,
0 ar105° C.

1 At 900° C., (reported ignition loss less CO; calculated by compilers).
12 °
At 1,000° C,
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Kansas=-Continued

Norton County, Pleistocene, Sanborn formation, NWk sec, 26, T. 2.,
R. 23 W, Analyst, under supervision of Runnels. Lab., No, NN-6, (Plummer
and Hladik, 1951, p, 21, 28, 29, 31, 46, 72, 73,) Loess, gray, oxidized,
Outcrop map. Results of experimental production of lightweight aggregate,
screen analysis of lightweight aggregate; bloating results, Possible use:
Lightweight aggregate, ceramic products.
Osage County, Pennsylvanian, Howard limestone, Aarde shale member,
Sec, 34, T. 17S., R, 14 E, (McMillan, 1956, p. 214, 194, 195, 222, 249,
pl. 1.) Selected samples. Index map, outcrop map, columnar section,
Mechanical analyses, X-ray pattern, estimated amounts of clay constituents.
252, Nonmarine shale, yellowish-brown; 0, 1 inch~2 ft thick; depth below
coal, 15-23 inches,
Nonmarine shale, yellowish-brown; 0.1 inch - 2 ft thick; depth below
coal, 7-15 inches.
Nodaway underclay, ash gray, plastic; thin film to 1,7 ft thick;
depth below coal, 4= 7 inches,
Osborne County. Upper Cretaceous, Carlile shale, Blue Hill shale member.
Center SW} sec. 12, T. 7S., R. 15 W. Analyst, under supervision of
Runnels. Lab, No. 0S-2, (Plummer and Hladik, 1951, p, 21, 28-30, 44, 64,
65,) Shale, red and gray, unoxidized; 59 ft sampled; 100 ft available. Index
and geologic map. Results of experimental production of lightweight aggregate,
screen analysis of lightweight aggregate; bloating results, Possible use:
Lightweight aggregate,
Osborne County, Carlile shale, Codell sandstone member. Sec, 31, T, 9 5.,
R, 12 W. Lab, No, Os=3~ss, (Runnels and Dubins, 1949, p, 23, 4, 6.) Sand~
stone, dirty yellow to gray; friable. Index map.
Osborne County. Upper Cretaceous, Niobrara formation, Fort Hays limestone
member, Sec, 31, T.9S., R, 12 W, Lab, No, Ob-3=1a, (Runnels and
Dubins, 1949, p, 22, 4, 12,) (Calcareous shale) composite sample from lower
part of bed. Thin section description. Insoluble residue, 71, 08 percent.
Index map. (For another analysis from same measured section see sample
294, group F, of this compilation, )
Ottawa County, Upper Cret. Dakota sand: Terra Cotta clay
member (Plummer and Romary, 1947, p, 71). NWiNW} sec. 8, T. 9.,
R. 2 W. Analysts, Thompson and Runnels. Lab, No, O-38-4, (Kinney, 1952,
p. 306, 303, 305, 308,) Clay, kaolinitic; dried at 140° C, Beneficiation tests,
Possible use: Source of alumina,
Ottawa County, Dakota sandstone. Sec. 5, T, 9 S., R. 2 W, Clay. Index
maps, generalized columnar sections; logs of auger drill holes and open cuts,
Possible use: Ceramic products,
259-262. (McMillan and wilson, 1948, p, 14, figs. 1-4,)
259, NE part NE{NW} sec, 5, Hole A-19, Clay, gray; 27-28 ft
below surface.
NE part NE{NW} sec. 5. Hole A-19, Clay, gray; 22-27 ft
below surface,
Center NE{NW} sec, 5, Hole A-21, Clay, gray, silty,
6,5-10,5 ft below surface.
Center NEANW} sec. 5. Hole A-21. Clay, gray; 1.5-6.5 ft
below surface,
263-264, (McMillan and Wilson, 1948, p. 16, figs, 1-4.)
263, NE part SEANW) sec, 5. Hole A-30, Clay, gray; 13-18,5 ft
below surface,
264. NE part NE{Sw} sec. 5. Hole A-29, Clay, gray-red; 9-14 ft
below surface.,
265-267. (McMillan and Wilson, 1948, p, 17, figs. 1~4,)
265. NE part NE4SE} sec, 5, Hole A-56, Clay, gray, red streaks;
13-23 ft below surface.
SE part NE4SE{ sec. 5. Hole A-53, Clay, gray, red streaks;
1217 ft below surface,
SE part NE4SE4 sec, 5. Hole A-53, Clay, dark-gray; 5-10 ft
below surface,
268, SW part NWiSE} sec. 5. Hole A-50, (McMillan and Wilson, 1948,
p. 16, figs. 1~4,) Clay, dark blue-gray, few yellow streaks; 3-10 ft
below surface. (For another analysis from same measured section
see sample 71, group D of this compilation, )
SW part NW4SE4 sec, 5. AL=Cut=8. (McMillan and Wilson, 1948,
p. 18, figs, 1=4,) Clay, dark blue-gray; 2.9 ft below surface,
(Possibly another analysis of sample 269,) AL=8, (McMillan and
Wilson, 1948, p. 5, figs. 1-4,)
Outawa County, Dakota sandstone, NE{Nw} sec. 14, T.9S., R. 5 W,
Analysts, Thompson and Runpnels. Lab. No. O-4-C. (Plummer and Romary,
1947, p, 123, 10, 42, 43, 119, 122, 125, 129, 150, pL. 1,) Siliceous fire clay,
composite sample, sectioned from top to bottom as followss
5,4 ft... (Sample 272 from this bed. )

272,

253,

254, 273,

274,

276-2178,

279,

260,
261,

280-282,
262,

266,
283,
267,

284,
269,

270,

285,
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6.7 ft ... clay, gray; almost no stain, fairly plastic to slightly silty;
some lignite; conchoidal fracture.
4.9 ft... clay, gray; some yellow stain, slightly silty; small flinty
concretions,

Index map, outcrop map; detailed measured section, correlated columnar
sections, Ceramic tests, physical properties, mineralogy. Porosity-temperature
curve, Possible use: Refractories, brick.
Ottawa County. Dakota sandstone, NEiNW} sec, 14, T.9S., R. S W,
Analysts, Thompson and Runnels. Lab. No, O-4-16. (Plummer and Romary,
1947, p, 123, 10, 42, 43, 119, 122, 125, 129, plL. 1.) Siliceous fire clay,
gray; some irregular yellow stain, slightly silty, conchoidal fracture;
lignitized wood fragments; 5.4 ft thick. Index map, outcrop map; detailed
measured section, correlated columnar sections. Ceramic tests, physical
properties, mineralogy. Possible use: Refractories, brick.
Ottawa County. Dakota sandstone. W% sec. 4, T.12S., R. 1 W. Analysts,
Thompson and Runnels, Lab, No. 0-20-1. (Plummer and Romary, 1947,
p. 139, 10, 42, 43, 135, 138, 141, 143, pL 1.) Highly siliceous fire clay,
gray to light-gray, no stain, silty; small bits of lignitized wood with some
pyrite; 8.5 ft thick. Index map, outcrop map; detailed measured section,
correlated columnar sections, Ceramic tests, physical properties, mineralogy.
Possible use: Refractories,
Ottawa County, Pleistocene, NEINW% sec. 29, T.10S,, R. 5 W. Analyst,
Schloesser., Sample No. 56. (Swineford and Frye, 1946, p, 22, 13, 20, 28.)
Volcanic ash, altered; 1 ft channel sample from middle bed; immediately
above large molluscan faunal zone, Index map. Dominant refractive index,
Ridgway color notation; particle size distribution,
Phillips County. Upper Cretaceous, presumably between Pierre shale and
Niobrara formation. Analyst, Thompson. (Kinney, 1942, p, 358, 354, 356,
364-366, 370-373.) Immersion, gelation, and other physical tests, Index map,

275, Sec, 10, T. 1S., R. 18 W, Lab. No. 3. Alkali-earth, subbentonite,
green-gray, Lower 1.5 ft of bed, (For other analyses from same
measured section see samples 73 and 74, group D of this compilation. )
SE} sec. 35, T.18., R, 20 W, Lab, No, 6, Alkali-earth, bentonite,
light~gray. Lower 1 ft of bed. .
SEf sec, 35, T, 1S., R, 20 W, Lab, No, 5, . Glay, dark green=gray.
Middle 2 ft of bed,
SE} sec. 35, T.18,, R, 20 W, Lab, No, 4, Alkali~earth, sub~
bentonite, green-gray. Upper 1 ft of bed; overburden, 5 ft. Possible
use: Clarifying dry cleaner fluids, deinking newsprint, bleaching
agent for oil,
Phillips County, Pierre shale, SE{NE} sec, 10, T.1S,, R, 18 W, Analyst,
under supervision of Runnels, Lab, No, PH-2, (Plummer and Hladik, 1951,
p. 21, 28-30, 64, 65,) Shale, light-gray, unoxidized; 20 ft sampled; 20 ft
available, Index and geologic map, Results of experimental production of
lightweight aggregate, screen analysis of lightweight aggregate. Possible
use: Lightweight aggregate.
Phillips County. Pliocene, Ogallala formation, Ash Hollow member. Analyst,
under supervision of Runnels, (Swineford and others, 1955, p. 252, 245, 246,
250, 254-256, 258, 259,) Volcanic ash, Picked samples of unaltered and
relatively uncontaminated ash, screened; dried at 105° C, Index map,
optical data; arithmetic mean, standard deviation, coefficient of variation.

280, NEINE} sec. 19, T. 2S., R. 18 W, Locality 15, Channel sample;
basal 4 inches of 2 ft bed.
Dellvale bed, NE;NE} sec, 19, T. 2 S., R. 18 W. Locality 17.
Channel sample; middle 1 ft of 2-ft bed. Photomicrograph of ash,
SWANE} sec. 3, T. 2S., R, 19 W, Locality 13, Spot sample, 2 ft
above base of 8,5 ft bed; ash interbedded with thin beds of silt and
fine sand.
Phillips County, Ogallala formation. NE4NE} sec, 19, T. 2S,, R, 18 W,
Analyst, under supervision of Runnels, Lab. No, PHV~1, (Carey and others,
1952, p, 21, 4, 6, 17, 25, 60, 61,) Volcanic ash, fresh; from 9, 0 ft bed.
Small amount of sand, Deposit extends more than 0,25 mile. Index map,
generalized columnar section, screen analysis. Possible use: Abrasive,
ceramic glaze, cement additive, lightweight aggregate.
Phillips County. Pleistocene, Meade formation, Pearlette ash bed. NENE}
sec, 33, T.5S,., R, 19 W, Analyst, under supervision of Runnels, Lab, No.
PHV=3A. (Carey and others, 1952, p, 21, 4, 12, 17, 25, 60, 61.) Volcanic
ash relatively unaltered, trace of sand; from lower 7.3 ft of bed 15 ft thick;
overburden 2 ft, Index map, generalized columnar séction, screen analysis.
Possible uses Abrasive, ceramic glaze, cement additive, lightweight aggregate.
County, formation, locality, analyst, reference and use as in sample 284,
Lab, No, PHV-3B. Volcanic ash, from upper 6. 0 ft of bed 15 ft thick, Mined
commercially, Index map, generalized columnar section, screen analysis.

2176,

271,
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281,

282,
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TABLE 3.— Analyses of samples from Kansas containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--Continued

Kansas
286 287 288 289 290 291 292 293 294 *295 296
15B75-1 | 15B76-1 | 15B76-2 | 15B77-1 | 15B77-3 | 15B77-2 | 15B77-4 | 15B77-5 | 15B77-9 | 15B78-3 | 15B78-1
Si0guerunasencoaneanacannns Ceeneeeeaas . 54,72 72.51 72,89 67.48 72.12 60. 64 72.77 73.88 73,51 58,39 72,83
ALO;.. e 15,99 11,96 11,11 10,73 11,49 9,32 12,06 | 12.08 12,10 9. 67 11,06
Fe;O5.... . 5,73 1,70 2,05 1,91 2.26 1,96 1.68 1.64 1,64 4,72 1,91
MgO... .. 2,56 .18 .21 .30 .77 .55 .16 .14 ! 6.38 .40
Cao.. . 6.70 .72 .89 5.10 1,10 10, 37 .75 .63 .63 3.16 1,37
Y o .87 s 21,71 2,71 22.09 22.67 3,16
K2O orivvvuuuinneeeneesunnunsaneneans | 306 } 8.03 | *r.68 {24.56 s | ta.0s { 6.08 | *5.98 | ?5.36 } 5 { 4.35
TiOguauseerassssonsassonsscsnnnsasonnas 1,01 .36 .31 .54 .52 .58 .24 .30 6,35 1.27
| O .21 Nil Nil <.10 .10 Nil Nil Tr. Tr. None Tr.
SO5 tevreerarcncnesorecaresnnsianssonan Tr. Nil 4 Tr, Tr. 4 Tr. tTr, <.10 Tr. Nil
IGRItion 1085 4 vuverersecacancssannesrsans 9.27 4.24 4,89 7.67 4,61 11,52 3,55 3,56 3.68 6.55 3.82
TOAL. sessssseansssasnnasonnsnssaes | 100,12 100, 00 100,00 [<100.10 100, 00 100,00 {<100.05 100. 00 100,00 | 599.77 100,17
Class cuuusronsesnsensscsnsosnanns veee. 1 20,62,8 | 49,40,2 | 51,39,2 |46,37,10 | 49,40,2 | 42,33,20 | 50,40,0 | 51,40,0 | 50,40,1 | 36,40,6 | 51,38,1
*297 298 299 300 301 302 303 304 305 306
15B78-4 | 15B78-2 | 15B79-1 | 15B79-2 | 15B79-4 | 15B79-3 | 15B79-6 | 15B79-5 | 15B80-2 | 15B80-6
1o B 7t 73, 14 72. 80 71,01 73,30 71,45 71,01 68, 36 59, 66 78. 95
ALOguearaassesasesssnssosessensenssnsasssasansess | 11,20 12,13 11,97 12,39 12,01 11,59 12,70 12,22 19,44 9.23
FE05.tatunnennanarananaanes e Ceereeeaes oo 1.87 2,12 4,00 3,79 3,79 4,02 3,89 4.31 3.18 2.45
(o .31 .30 .43 1.68 1,69 1,12 1,81 2,63 3,02 .82
{07 Lo 2 N 1.08 1,23 .48 2.27 .48 .93 1,52 1.64 1.35 1.03
S S PR L tem 2.37 } 005 { S1.30 | %103 | 174 | ®zozs | Pousl } wzs | P40
24,9 4.32 . 2.29 2,51 3,13 2,31 1.89 .
P I (.29) (.28) (.25) (.20) (.22) (.19)
.97 .67 2,26 .95 112 1.66 .54 1.13 1,97 1.16
Nil Nil feees .10 .07 .08 .15 .15 ceeans .05
Tr. <.10 veeeee .14 .02 .02 .10 .14 .05
Ignition 10ss ...... U eererasriarirereraniaes 2,72 3.67 4.36 4,18 3.55 4,34 3,84 5,17 1.77
Total.ueesnnn..s e iiiesteietereerieaeaans ... | 100,00 [<100,05 100, 35 100, 10 99, 57 100, 08 100, 15 100.15 |7 100,45 100. 00
CL855 1 aveeeeresennnsnananasessseasennsonanacasenes | 52,38,0 | 49,42,0 [ 47,46,1 | 45,46,0 | 48,450 | 46,451 | 44,47,0 | 42,47,2 | 22,66,4 | 60,33,0
307 308 309 310 311 312 313 314 315 316
15880-4 | 15B80-5 | 15880-13 | 15B80-3 | 15B84-1 | 15B85-2 | 15B85-1 | 15B86-1 | 15888-2 | 15B88-1
73,66 74. 69 76. 66 72,87 72,77 75.76 67.83 61,98 74,34 73.16
11,11 11,21 12.04 11.84 12,14 | '13,72 | '17.05 12,02 12. 40 12.33
2.68 3,65 3.36 3.20 1.57 2,88 3,25 2,07 1.67
1,03 1.07 1,01 1,11 .09 .38 .80 .65 .14
2,33 1.31 .91 .84 .59 .7 .64 .69
33,51 S4,11 31,36 34,24 22,79 29,84
ceenes ceeene veveee | %5.76 } 5.59 {’4.97
(.41) (.28) (.28) (. 40) e ...
161 1.36 .4 1,09 1,41 .23 .36
o PP .05 Tr. Tr. Tr. Tr. Tr.
SO vitrttnssennoettactestonstsenstiteniitnrnnnnns .05 .05 .05 .00 Tr. Nil
Tgnition 10ss ......... 4.22 3,12 3,47 4,49 4,06 5,23 6,84 7.93 4,24 3,84
100, 00 99,95 99.95 100, 00 100, 00 98,42 96,48 | ®97.23 99,93 100, 00
51,40,2 | 51,42,0 | 52,44,0 | 48,43,1 | 50,40,1 | 48,49,2 | 34,60,3 | 37,44,9 | 50,42,1 | 49,41,1
Qualitative spectrographic analyses
[carbon electrodes used. Higher numbers indicate greater abundance. Zn and Ag not detected, Further explanation of table (Frye and others, 1949, p.8M 1
300 301 302 303 304 306 307 308 309 310
2 6 5 6 5 6 6 6 5 5 7
CT tieeetsesseassesacnsessansuensonnoransssssosncsne 4 4 4 4 4 4 5 6 2 5
6 6 7 [ 7 6 6 7 4 6
ND ND ND ND ND 4 5 5 5 5
2 S 6 5 7 [ 7 ND ND 5 ND ND

! Incindes TiO;.

% NagO +K;0 by difference; ratio by
spectrographic determination.

% By difference.
4 Reported as slight wace.

% MnO reported as slight trace; difference between
total and 100 percent is largely alkalies.
€105°~140° C., (not included in total) .

7100.43 in text.

¥ 98.23 in text; difference between total and
100 percent is largely alkalies.
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Kansas--Continued

Pottawatomie County, Pennsylvanian, Wabaunsee group, Harveyville shale,
SWENE} sec. 13, T.10S., R. 9 E. Analyst, under supervision of Runnels.
Lab, No, PT-1. (Plummer and Hladik, 1951, p, 20, 26, 27, 31, 36, 60, 64,
65.) Shale, black, partly oxidized; 15.0 ft sampled; 20, 0 ft available. Index
and geologic map, Results of experimental production of lightweight aggre~
gate, screen analysis of lightweight aggregate; bloating results. Possible use:
Lightweight aggregate.

Pratt County. Pleistocene, Meade formation, Pearlette ash bed. Siswi

sec, 21, T, 278,, R. 12 W, Analyst, under supervision of Runnels, Lab. No.
PRV-1A. (Carey and others, 1952, p. 21, 4, 12, 17, 22, 23, 25, 61,) Volcanic
ash, from lower 7,5 ft of bed 14 ft thick, Estimated tonnage, index map,
generalized columnar section, screen analysis. Possible use: Abrasive,
ceramic glaze, cement additive, lightweight aggregate,

County, formation, analyst, reference and use as in sample 287, NW4SE}
sec, 34, T, 27S,, R, 12 W, Lab. No, PRV~4, Volcanic ash, altered by
weathering; 4, 0 ft in pit; overlain by 6 ft of mixed ash, sand, and silt., Index
map, generalized columnar section; screen analysis, mechanical analysis.
Rawlins County. Analyst, under supervision of Runnels. (Carey and others,
1952, p. 21, 4, 6, 12, 17, 22, 23, 25, 62,) Idex map, generalized columnar
sections. Possible use: Abrasive, ceramic glaze, cement additive, light-
weight aggregate,

289, Pliocene, Ogallala formation. NWiNWj sec. 33, T. 3 S., R 34 W,
Lab, No, RWV-3, Volcanic ash; 6.0 ft thick. Extent, 0.3 mile.
(Composed of two beds, analyzed separately, see samples 290 and 291,)
Formation and locality as in sample 289, Lab. No, RWV-3A,
Volcanic ash, lower 3 ft of bed 6 ft thick, Screen analysis.
Formation and locality as in sample 289, Labh. No, RwVv-3B.
Volcanic ash, from upper 3 ft of 6 ft bed. Screen analysis, estimated
tonnage.

Meade formation, Pearlette ash bed. NEiNW% sec. 14, T.3S.,

R. 35 W, Lab. No. RWV=~1, Volcanic ash, fresh, clean; from bed

14, 0 ft thick; upper 6 ft exposed; lower 8 ft sampled by augering.
Overburden, 10-16 ft, Mechanical analysis, screen analysis.
Photomicrograph.

Formation and locality as in sample 292, Lab, No, RWV-1B,
Volcanic ash, fresh, clean; from exposed upper 6 ft of bed 14 ft thick.
(For analysis of entire bed see sample 292,)

Meade formation, Pearlette ash bed, NWiSw} sec, 22, T, 3 S.,

R. 35 W, Lab, No. RWV=4, Volcanic ash, fresh, clean; from 14,0 ft
exposute in pit; overburden 10-16 ft, Screen analysis.

Reno County, Permian, Ninnescah shale, NW} sec, 8, T. 25 6., R. 5 W,
Analyst, Runnels. Lab, No, RO-1-1, (Plummer and Hladik, 1948, p. 74, 62,
80, 81.) (Analysis shows 6,4 percent TiO;, 4.6 percent alkalies; suggests
6.6 percent more CaO and MgO than required for carbonates,) Shale; 3 ft
thick; channel sample, Index map, firing and physical properties of ceramic
slag, Possible use: Ceramic slag,

Reno County. Meade formation, Pearlette ash bed. Analyst, under supervision
of Runnels, (Carey and others, 1952, p, 21, 4, 12, 17, 25, 62, 63,) Index
map, generalized columnar section, Possible use; Abrasive, ceramic glaze,
cement additive, lightweight aggregate,

296, SE4NE} sec. 1, T.25S., R. 7W. Lab. No. ROV-2. Calcareous vol-
canic ash, somewhat altered by weathering, relatively free from sand.
From 3, 0 ft bed exposed in pit,

NW4SE} sec, 14, T. 25 5., R, 8 W, Lab, No, ROV=1 (Analysis
shows 7. 7 percent alkalies, 1,0 percent TiO,; suggests 1,4 percent
more CaO and MgO than required for carbonates,) Volcanic ash,
relatively clean, fresh; from 10 ft bed in pit face. Screen analysis.
(For analysis of upper part of bed see sample 298.)
NW4SE} sec, 14, T. 25 S., R. 8 W, Lab, No, ROV~1B (or ROV-1S),
Volcanic ash, from upper 4, 5 ft of bed 10 ft thick, exposed in pit.
Screen analysis,
Republic County, Upper Cretaceous, Graneros shale, NEfNWj sec. 34,
T. 3 8., R. 1 W, Analysts, Thompson and Runnels, Lab. No, RP-7-3,
(Plummer and Romary, 1947, p. 180, 10, 42, 43, 179, 181, 214, pl, 1,)
Shale, 9,3 ft thick, sectioned from top to bottom as followss

5.0 ft ... fine~grained sandstone, silt and clay, in thin beds;

gray, yellow, buff.

4,3 ft ... clay-shale, light-gray, some yellow streaks; silt partings,
Index map, detailed measured section, correlated columnar sections, Ceramic
tests, physical properties, mineralogy. Possible use: Lightweight aggregate,
insulating and structural tile.

300-304.

305,

306-310.

290,

291,

292,

311,

293,

294,

312-313,

*297,

314,
298,

315,

316,

Kansas~~Continued

Republic County. Pleistocene, Sanborn formation. SW4SE4 sec. 35, T. 2S.,
R. 3 W. Spectrographic analyst, Reed. (Frye and others, 1949, p. 85, 52, 56,
86, 87, 93, 111, 112,) Silt, Index map, generalized columnar section,
Plastic and dry properties, fired properties,
300-302, Loveland silt member. Possible use: Brick, tile, lightweight
ceramic aggregate,
300, Sample No. 30-A, Silt, 11 ft below top of section.
301, Sample No, 30-B. Silt, 8 ft below top of section,
302, Sample No. 30-C. Silt, 5.5 ft below top of section.
303-304, Peoria silt member. Possible use: Ceramic slag.
303, Sample No, 30-D, Silt, 3.5 ft below top of section.
304, Sample No. 30-E, Silt, 0.5 ft below top of section,
Rice County, Lower Cretaceous, Kiowa shale, NW4SE} sec. 3, T. 18 S.,
R. 6 W, Analysts, Thompson and Runnels, Lab, No, RE~2-1. (Plummer and
Romary, 1947, p. 174, 10, 42, 43, 171, 172, 175, pl, 1.) Shale; 8. 8 ft thick.
Upper 6, 8 ft: Clay to clay-shale, gray, some yellow stain, plastic; three thin
bands of concretionary limonite and some gypsum crystals. Lower 2 ft; Clay-
shale, dark-gray, plastic; large crystals of selenite and some pyrite. Index
map, detailed measured section, correlated columnar sections, Ceramic tests,
physical properties, mineralogy. Possible use: Lightweight aggregate, insulat-
ing and structural tile,
Rice County, Sanborn formation. NW4SW# sec. 7, T.18S., R, 7 W.
Spectrographic analyst, Reed. (Frye and others, 1949, p. 84, 52, 56, 86, 87,
91, 105, 106,) Silt. Index map, generalized columnar section, Plastic and
dry properties, fired properties,
306-308, Loveland silt member, Possible use: Brick, tile, lightweight
ceramic aggregate.
306, Sample No, 21~A. Silt, 14 ft below top of section.
307, Sample No, 21-B, Silt, 10,5 ft below top of section,
308, Sample No. 21-C. Silt, 8.5 ft below top of section.
309-310, Peoria silt member. Possible use: Ceramic slag.
309, Sample No, 21-D, Silt, 7.5 ft below top of section.
310, Sample No. 21-E, Silt, 5.5 ft below top of section.
Russell County. Meade formation, Pearlettc ash bed. NEINW% sec. 2,
T, 15 S., R. 11 W, Analyst, under supervision of Runnels. Lab. No, RV-2,
(Carey and others, 1952, p, 21, 4, 12, 25, 63,) Volcanic ash, fresh, relatively
clean; 7, 0 ft exposed, overburden 4-11 ft. Index map, generalized columnar
section, screen analysis, Possible use: Abrasive, ceramic glaze, cement ad-
ditive, lightweight aggregate.
Saline County. Upper Cretaceous, Dakota sandstone, Terra Cotta clay
member. NW3SE} sec. 18, T. 15 S,, R. 5 W, Analysts, Thompson and
Runnels. (Plummer and Romary, 1947, p, 165, 10, 42, 43, 160, 163, 166, 167,
pl. 1.) Index map, outcrop map; detailed measured section, correlated
columnar sections, Ceramic tests, physical properties, mineralogy. Possible
use: Refractories,
312, Lab. No, S-4-1, Clay, dark-gray, plastic, alternating in thin laminae
with white silt and fine sand; 6. 0 ft thick.
Lab. No. §-4-4, Clay, plastic; 28,5 ft thick, sectioned from top to
bottom as follows:
4.0 ft ... gray and yellow.
2.0ft ... yellow and red.
7.0 ft ... gray, red mottling; slickensides on oblique joints.
1,8 ft ... yellow, red mottling,
3.6 ft ... gray, red mottling.
3.8 ft... red and yellow.
L0ft,.,. silty, red and yellow,
5.8 ft... yellow, red, gray.
Scott County. Sanborn formation, Sec. 19, T. 18 S., R. 32 W, Analyst,
Runnels, Lab, No, SC-1-A, (Plummer and Hladik, 1948, p. 74, 62, 82, 83,
90, 91.) Clay, 9 ft thick; auger sample. Index map, firing and physical
properties of ceramic slag, Data on rotary kiln production, compressive
strength, Los Angeles abrasion loss test., Possible use: Railroad ballast, con~
crete aggregate, ceramic slag,
Seward County. Meade formation, Pearlette ash bed. T. 33 S., R. 32 W,
Analyst, Schloesser, Sample No, 31, (Swineford and Frye, 1946, p, 22, 13,
17, 21, 28,) Volcanic ash, groups of elongate vesicles common, Index map,
Dominant refractive index, Ridgway color notation, particle size distribution,
Seward County, Meade formation, Pearlette ash bed, SWiNE} sec, 13,
T, 33 8., R. 32 W, Analyst, under supervision of Runnels. Lab. No, SDV-3.
(Carey and others, 1952, p. 21, 4, 12, 17, 25, 64,) Volcanic ash, from 8,5 ft
bed in face of old pit; overlain by 5 ft of silt and brown sandy volcanic ash,
Index map, generalized columnar section, screen analysis. Possible uses
Abrasive, ceramic glaze, cement additive, lightweight aggregate.

313,
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CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

TABLE 8. — Analyses of samples from Kansas containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--Continued

Kansas
317 318 *319 320 321 322 *323 *324 325 326 327 328 329
15B89-5 15B89-1 15B89-2 15B90-2 15B90-1 15B90-3 | 15B100-1 { 15B100-8 | 15B100-2 | 15B100-3 ; 15B100-4 | 15B100-7 | 15B101-2
Si0pciiiiinnnnninn 69.55 61.84 59.30 13.75 72.73 72.83 44,91 54.90 51.06 60.94 62.57 63.33 66.95
AlOg.ceeianninnns 13.67 18.31 16.73 13.20 11.82 14.38 16.07 13.63 17.09 18,79 19.31 12,92 21.57
FegOguuavinnnrnns 3.93 5.39 5.10 2.20 1.69 1.84 2.14 5.97 1.81 2.52 2.61 3.34 1.05
MgO..vvverinnnen,s .79 1.03 2.63 .18 .03 1.77 3.43 2.51 .7 1.80 1.96 .19
Cal.ivvivnrannanns .29 .37 3.56 1.30 .76 11.26 7.06 6.15 1.39 .94 5.44 .36
1.55 1.11 1.98 veiene | Yasl } 0.95 .54
2.44 3.39 3.51 vereen | 168 : { 4.10
veeene | e (TR RN 5.4 6.7
1.39 .86 1.10 .21 .01 .64 Tr.
.04 .02 .21 Tr. eeann .48 ceree
1.15 .32 Tr. Tr. .26 .12 1.05 1.73
.30 UL T (NN R TR T T T I, PR ceveen | eeaens
5.22 5.35 6.85 4.07 ®10.80 9.09 1391 | *4.2¢4 | ‘4 9.62 6.48
4100.32 | ®98.04 |®100.97 | "95.23 | 100.00 95.6 99.96 | 100.3 95.9 96.2 96.61 | 100.19
Class covvonnnsnnns| 41,51,2 23,68,0 24,63,3 48,45,2 | 50,40,1 14,59,14 | 24,55,9 |19,65,15 25,67,0 25,68,0 |37,47,12 | 26,68,1
330 331 332 333 334 335 336 337 338 339 340 *341 342
15B101-1 | 158101-3 | 15B101-25] 15B101-7 | 15B101-8 | 15B101-4 | 15B101-6 | 15B101-5 | 15B101-9 | 15B103-6 [ 15B103-7 | 15B105-2 | 15B105-1
810z tevenunenainns 65.44 67.20 79.95 71.53 80.03 68.17 70.36 68.32 59.02 66.84 61.80 61.21 48.78
AlOq.. 21.05 18.70 13.33 17,58 12.44 17.10 13.91 17.46 17.97 8.89 997 { 18.91 14,54
FeyOg . 3.54 2.20 .78 1.69 73 2.14 3.70 2.70 6.78 °3.95 ) 3.98 5.40
MgO..ivrvannnnnn 2.17 1.60 .51 1.00 .38 .64 cesnen 1.64 .47 .216 2.1% 2.65
CaO..... .78 .70 .15 1 .34 .35 rees .65 8.55 8.20 2.50 2.31
Nag .. .19 1.13
KgO -.n.. } .60 1.00 | ceveee | aeeenn 2.02 3.71 canes { 2.72 1.18 } Tr. { 3.87
TiOg vovverivenens .40 1.40 tesees .71 1.44 1.31 1.51 ceeens .86 1.03
2O P S TS e PN .19 .05 1.65 - .92
SO§ vevernenennnns e .36 Nil | eenees a3 .49
Siciiinericnnioaas Nil | ve..ee ceenes eeena
Ignition loss &......| 6.08 7.10 4.18 5.68 8.31 8.20 8.97 | ¥8.55 | M7.50 | 25.46 [%20.12
Total........| 100.06 99.90 99.50 98.90 97.72 97.99 100.00 99.61 100.4 100.76 96.24
24,72,0 32,62,4 56,42,1 39,57,2 42,55,0 34,62,0 | 20,71,5 47,36,12 | 24,68,2 23,66,0 17,68,8
Spectrochemical and qualitative spectrographic analyses
[ sample 339, spectrochemical analysis, standard purity graphite electrodes used; St present but not determined; Sn and Ba looked for but not detected. Samples
341 and 342, qualitative spectrographic analyses; sample 341, standard carbon electrodes used; sample 342, high purity graphite electrodes used. Higher numbers
indicate greater abundance; further explanation of table see Runnels (1949, p. 45) |
339 341 342 339 341 342
- O 0.01 5 6 Cleererrennnnnnonnnens ceerenaasrenacas 0.00007 [ 7
T . 7 . Zheereorasuncsesnnerorsanessoossasissrecesone ND 6 6
8 .28 Zr. J R T I ven 6 4
Viaerersiiianaaa, .05 10 9 .003 ND 5
L3 .01 8 7 .00005 6 5
Mi.ioiiiiieiinnanans tertessteenaanans .04 4 9 Pb..... ceseeane .004 ND 7
Nicowaanos teteieressaeiataaraatiaraans .004 cee “ee SI vevenencncnaens Cereteicieceenenns ND ND

! NayO+K 0 by difference; ratio by spectrographic determination.

2At105° C.

3At 900° C. (reported ignition loss less H,O-, calculated

by compilers) .
4100.02 in text.
599.79 in text.
6100.54 in text.

" Undetermined, 4.77 percent, reported as probably potash and soda

by Landes (1928, p. 15) .
% Includes MnO, Z10;, and TiO,, if present.
® Total iron.

1 1050-1,000° C.
1 Reported as HyO.

12 At 1,000°C,
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*323,
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328,
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Kansas--Continued

Shawnee Cbunty. Penasylvanian, Howard limestone, Aarde shale member,
Sec, 27, T, 118,, R, 15 E, Analyst, Runnels, (McMillan, 1956, p. 214,
194, 195, 249, pls. 1, 2,) Selected samples. Estimated amounts of clay
constituents. Index map, outcrop map; columnar section, correlated columnar
sections; mechanical analyses, (Far another analysis from same measured
section see sample 87, group D of this compilation. )

317. Shale, yellowish-brown, 0.1 inch=-2 ft thick; 10-14 inches below coal,

318, Underclay to shale, 5-10 inches below coal,

Shawnee County. Penasylvanian, Wabaunsee group, Harveyville shale.
SWiSW} sec, 30, T, 11 5., R, 14 E. Analyst, nnder supervision of Runnels.
Lab, No, SH-3, (Plummer and Hladik, 1951, p. 20, 26, 31, 36, 52,) (Analysis
shows 5, 5 percent alkalies, 1.1 percent TiOg; suggests 4.7 percent more CaO
and MgO than required for carbonates,) Shale, black, partially oxidized;
12,0 ft sampled; 12, 0 ft available, Geologic map, Results of experimental
production of lightweight aggregate, screen analysis of lightweight aggregate;
bloating results, Possible use: Lightweight aggregate.

Sheridan County. (Pleistocene, Meade formation, Pearlette ash bed, T. 8 S.,
R. 27 W,) town of Tasco, (Landes, 1928, p, 15, 7, 13,) Volcanic ash,
Screen analyses of deposits in this area, Index map, estimated tonnage.
Possible use: Abrasive, cement,

Sheridan County. Meade formation, Pearlette ash bed, NE}SW} sec, 11,
T.88., R. 28 W, Analyst, under supervision of Runnels, Lab, No, SNV~2,
(Carey and others, 1952, p, 21, 4, 12, 17, 25, 65,) Volcanic ash, fresh, 6,0 ft
exposed; contains about 2 percent sand and silt. Index map, generalized
columnar section, screen analysis, Possible use: Abrasive, ceramic glaze,
cement additive, lightweight aggregate,

Sheridan County, Pleistocene, Sanborn formation, NW} sec, 34, T.8S.,
R, 28 W, Analyst, Schloesser, Lab, No, 60, (Swineford and Frye, 1946,

p. 22, 18, 20, 28,) Volcanic ash, groups of elongate vesicles abundant;
crossbedded lens 3 ft from bottom, Dominant refractive index, Ridgway
coler notation, particle size distribution, Bulk density: Large grain size,
2.21; smaller grain size, 2,26, Index map.

Wallace County, Pliocene, Ogallala formation, SW} sec, 19, T, 12 S.,

R. 41 W. Analyst, Thompson, Lab, No, 10a, (Kinney, 1942, p. 358, 354,
356, 357, 364, 366, 373,) (Analysis suggests 5.5 percent mare CaO and

MgO than required for carbonates; shows 3, 0 percent alkalies,) Alkali
bentonite, pale clive-green, light streaks; 10 ft sampled, overburden 0-20 ft.
Index map; immersion, gelation, and other physical tests, Possible use:
Drilling mud, care for earthfill dam,

Wallace County, Ogallala formation, SW% sec, 19, T, 12 8,, R, 41 W,
Analyst, under supervision of Runnels, Lab, No. WC-1, (Plummer and Hladik,
1951, p, 21, 28, 31, 45, 71,) (Analysis suggests 5.4 percent more CaO and
MgO than required for carbonates, 1.1 percent phosphate; shows 4,6 percent
alkalies,) Clay, red, brown, unoxidized; 10, 0 ft sampled, 14,0 ft available,
Results of experimental production of lightweight aggregate, screen analysis
of lightweight aggregate. Possible use: Lightweight aggregate.
County, formation, reference, analyst, and use as in sample 323,
immersion, gelation, and other physical tests.

325, NW% sec. 29, T. 12S., R. 41 W. Lab, No, 11, Clay, light=brown;
5 ft sampled, no overburden,

SE} sec.2, T.12 S., R.42 W, Lab. No. 16, Clay, pale gray-green,
sandy; 5 ft sampled.

NE} sec.12, T.12S,, R.42 W, Lab, No, 13, Clay=shale, brownish~
gray; 4 ft sampled, overburden 40 ft, Use: Bleaching agent for oil,
deinking newsprint, clarifying dry cleaner fluids.

Wallace County. Sanborn formation. (T. 13 S., R. 40 W.) town of Sharon
Springs. Analyst, Stadler. (Elias, 1931, p, 180,) Loess,

Washington County. Upper Cretaceous, Dakota sandstone, Terra Cotta clay
member, Analysts, Thompson and Runnels, Index map, outcrop map;
detailed measured section, correlated columnar sections. Ceramic tests,
physical properties, mineralogy.

329, Genter $SW} sec, 28, T.18,, R. 3 E. Lab, No, W=19-2, (Plummer
and Romary, 1947, p, 79, 10, 42, 43, 74, 82, 84, 99, pl. 1,) Plastic
fire clay, gray, some yellow stain; lignite particles; 7.4 ft thick,
Possible use: Refractories. (For another analysis from same measured
section see sample 93, group D of this compilation, )

SE4SE} sec. 27, T.2S., R. 2 E. Lab, No, W=16-1, (Plummer and
Romary, 1947, p. 165, 10, 42, 43, 161-163, 166, 167, pl. 1.) Clay,
gray to light-gray, some lavender with red mottling, some yellow on
slickenside joints; fairly plastic; 13.1~13,8 ft thick. Possible use:
Refractories, face brick.

Index map;

326,

3217,

330,

336,

337,

338,

339,

340,

*341,

Kansas--Continued

331-333, SE4SE} sec, 1, T.3S., R. 2 E. (Sample 333, composite of 3
samples from same measured section, samples 331, 332, this group
and sample 95, group D of this compilation. )

331, Lab, No, W~1-1, (Plummer and Romary, 1947, p. 101, 10, 42,

43, 98, 99, 102, 148, pl. 1.) Plastic fire clay, dark-gray, very

little stain, slightly silty. Bed 1, 5.6 ft thick. Absorption-

temperature curve, Use: Pottery. Possible use: Face brick,

Lab, No, W=1-4, (Plummer and Romary, 1947, p, 123, 10, 42,

43, 122, 125, 129, pl. 1,) Siliceous fire clay, light-gray,

small amount of yellow stain, slightly silty; lignite particles,

conchoidal fracture, Bed 3, 7.7-10,7 ft thick. Possible use:

Refractories.

Lab, No, W=1-B, (Plummer and Romary, 1947, p. 123, 10, 42,

43, 99, 122, 125, 129, pL 1,) Siliceous fire clay. Composite

sample,

NE§NW} sec, 13, T.5S., R, 1E, Lab, No, W-57-2, (Plummer and

Romary, 1947, p, 139, 10, 42, 43, 137, 138, 141, 143, pl. 1.) Highly

siliceous fire clay, gray, some yellow in upper 1.9 ft; silty to very

silty; lignite particles and selenite crystals. Spot sample, 4,7 ft thick,

Possible use: Refractaries, (For analysis of composite sample, see

sample 335, below. )

NEANW} sec, 13, T. 55., R, 1E. Lab, No. W=57-A. (Plummer and

Romary, 1947, p. 139, 10, 42, 43, 99, 137, 138, 141, 143, pL 1)

Plastic fire clay, Composite sample 23, 7T ft thick, sectioned from top

to bottom as followss

2,5 ft... clay, dark-gray, some yellow stain, slightly silty,
lignitic,

2,2 ft ... silt, yellow and gray.

4,2 ft ... clay, gray; two yellow streaks, each 0, 3 ft thick;
fairly plastic; some concretionary limonite.

2.6 ft ... clay, gray, slight yellow stain, fairly plastic.

2,5 ft ... clay, gray, slightly silty, some lignite and selenite.

1,7ft.,. clay, light-gray, some yellow on slickenside joints,
plastic, small amount of gypsum,

3.3 ft .., clay, gray, some yellow stain on joints, fairly plastic;
some lignite and gypsum,

4,7ft ... (sample 334 from this bed).

Possible use: Refractories,

Washington Gounty, Dakota sandstone. SE{NE} sec, 31, T.2S., R, 1E,

Cut C-W~-59, (McMillan and Wilson, 1948, p. 29, 28, figs. 1-8,) Clay,

gray and yellow, some limonite; 5, 7-11, 4 ft below surface, Index map,

generalized columnar section, log of opencut. Possible use: Ceramic prod=

ucts. (Far another analysis from same measured section see sample 102,

group D of this compilation, )

County, formation and use as in sample 336, SW4SE} sec. 6, T.3s.,

R. 2 E. Cut C-W=-62, (McMillan and Wilson, 1948, p, 28, figs. 1-3,) Clay,

gray and yellow; 4,2~7.9 ft below surface, Index map, generalized columnar

section, log of opencut, (For another analysis from same measured section
see sample 103, group D of this compilation. )

Washington County, Upper Cretaceous, Graneros shale, SWiSWwi sec, 1,

T. 3S,, R, 1E. Analyst, under supervision of Runnels, Lab. No, W=65,

(Plummer and Hladik, 1951, p, 21, 28-30, 39, 64, 65.) Shale, gray,

unoxidized; 7.0 ft sampled, 17.0 ft available. Index and geologic map.

Results of experimental production of lightweight aggregate, screen analysis;

bloating results, Possible use: Lightweight aggregate,

wilson County, Penasylvanian, lola limestone, Paola shale member, SWi

sec, 29, T.29S., R, 17 E, Lab, No., 52320, (Runnels and Schieicher, 1956,

table 22, pl, 3, p. 86, 97,) (Calcareous shale.) Chips from continuous

surface; bed, 1.5 ft thick, Index map, résumé of spectrographic results,

Wilson County. (Pennsylvanian, Bonner Springs(?) shale. T.308S., R. 15E,)

town of Neodesha, (Haworth, 1903, p, 56; Haworth and Schrader, 1905,

p. 509,) Shale, Possible use: Cement material,

Wyandotte County. Pennsylvanian, Cherryvale shale, Quivira shale member,

Sec, 12, T, 11 8., R. 24 E, Spectrographic analyst, Reed. Lab, No, 4899,

(Runnels, 1949, p, 44, 42, 43,) (Analysis shows 3, 9 percent alkalies; suggests

3.9 p phosphate, 2.2 p more MgO than required for carbonate. )

Shale, 3 ft thick; composite sample from lower half of bed; dried at 140° C,

Size diswibution of shales ground in pan mill, Possible use: Fertilizer,

Wyandotte County. Pennsylvanian, Iola limestone, Muncie Creek shale

member, Sec, 12, T, 118,, R, 24 E, Spectrographic analyst, Reed, Lab,

No, 48-98, (Runnels, 1949, p, 44, 42, 43,) Shale, 3 ft thick; composite

sample from upper part of member; dried at 140° C, Size distribution of

shales ground in pan mill, Possible use: Fertilizer,

332,

333,

334,

335,
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TABLE 4,— Analyses of samples from Montana and Nebraska containing uncombined silica and clay each less than 75 percent; uncombined silica and clay

CHEMICAL COMPOSITION

OF SEDIMENTARY ROCKS

each greater than carbonates (Group B) common and mixed rock categories

[samples of mixed rock category indicated by an asterisk (*). Chemical analyses arranged by State, county, and stratigraphic position]

Montana
1 *2 *3 4 x| 6 7 8 9 10 11 12 13
25B1-3 25B1-4 | 25B1-6 | 25Bl-5 25B15-1 25B16-1 | 25B16-2 | 25B16-4 | 25B16-5 | 25B16-3 | 25B34-1 | 25B41-1
Insoluble , ., weo| 63,2 51,2 70,0 {1(66.1) |!(74.08)
I (M B 60.60 68.37 60,98 61,82 68.68 71,01 65.56 65,76 68,49
ALOq.. .| 10.9 7.2 4,3 7.9 7.02 5.96 12.69 .
21, .8 15,17 18,24 17.18 21,35
FeyOg.. . 3.7 3.2 2.6 3.6 4,41 6.62 1.69 19.86 1.14 5
FeO ... 3,99 1,17
MgO.erausen . 2.34 4,41 3.64 1,33 .51 1.14 .34 .12 Tr. .39
Cal.ivvrennnennnns 4,02 3,89 2.70 1.83 1.78 1,11 1,19 2,58 2,30
N2gO cevennnns .17 .87 .80 2,38 1.23 2.71 2.08 2,22 3.49
KO teveennnoesnaa] eenees 3.15 1.34 1.23 1.31 5.58 2,97 3.94 3.14 4,17
HiO#+eavasarnnanss| convas 33.60
2.10
HpO" eveenennnnnnn| orvens 4,25 veeess | 81012 53,46
TiOg eeveeenareree] eenees .48
P05 esaserereranes 1.4 14.5 5.1 62,81
MOO.eesosevenasss [ eseeesr seeess .028 voscee vesese sassee PR Tr. vosens P censnn
Ignition 1088 veevea.| 21,1 4.3 5.7 713,1 81,91 11,96 11,47 7.99 6.34 6.50 5,60
SUbtOtaleessses|  waeuns 99.14
LSS O vevevnaranas]  aanees .13
Total.........| 100.3 80.4 817.7 99,0 100,06 99,82 99,13 100,73 99.79 100,74 99,66 99.99
(40,59)0 | (35,31)0 | (59,23)0 | 44,40,6 | 51,33,4 veeees | 25,67,6 | 29,63,4 | 45,43,4 | 46,46,3 | 35,54,4 | 37,54,3 | 33,59,0
Montana Nebraska
14 15 16 17 18 19 20 21 *22 23 2 25 26
25B41-2 | 26B7-2 | 26B7-1 26B7-3 | 26B10-1 | 26B11-1 | 26B16-1 | 26B16-2 | 26B23-1 | 26B28-1 | 26B28-3 | 26B28-2 | 26B28-4
Si02c00snvansnnsns 68.54 74,82 72.41 73,01 71,93 66,93 70,81 71,91 59,14 79.50 76.49 85,35
e °10.16 | *11.58 | 10,73 13.35 16.3¢ | °13,31 | ®11.46 | °16,14 11,61 17.73 8.14
Fe30geesaneannnans . 1.56 1,68 1.76 03,75 | 95,78 3,23 2,13 6.44 2,57 1.01 .56
Mgo... .46 .21 .29 .25 1,29 1.18 .84 .03 1.80 .68 .89 .16
(oYl .13 .61 1,00 1,93 3.35 1.68 .42 4.69 2,33 .68
NaO evvvverernes| 3,45 1.0 .93 1.06 10 .55 1.61 1.45 2.16 1.29 -8 -
KO vevesosesnnas 4,15 5.56 6,50 6.08 * 1.24 3.24 6.85 3.08 : .96 2,13
HpO+%1vueeenesnnss 3.50
Hzo} . .85
TiOz ceveveennans| eveene .24 .23 .15 .51 .22 K
PaOgesceecccansane .03 Tr. Tr. .19 Tr. .16 esnes
MOO..ueecasesnnns ceseos [N [P .09 cavess veeses PRRTR PPN
SO3 evevssosenenss Tr. Nil Tr. Tr. Tr. Tr.
Ignition 1088 .. ..... Magr | Ms5.29 | M5.51 3.99 6.86 | 4,24 | M40 | M5.59
Total.eeesee..| 99.99 | 1299,23 99,47 99,55 100,43 102.18 99.56 99.27 99.97 100.00
Class vvevevsseeees| 33,59,0 | 55,36,2 | 50,40,2 | 52,38,2 | 44,49,0 | 32,63,3 | 44,48,0 | 49,41,1 | 23,64,0 | 46,48,0 | 56,42,0
Nebraska
27 28 29 30 31
26B35-1 | 26B55-2 | 26B60-1 | 26B79-1 | 26B83-1 = ® @ 80 81
SiOzuusssassoensss| 72,46 71,81 73,84 69.09 68,12 HO teveerenanacarsnsananes
11,95 12,39 13,20 | °13,09 | °12,42 TiOg <vuue 0,21 1.33 0,16
2,04 4,36 3,50 1,82 1,79 P05 +es .01 Tr. .02
.94 .93 1.33 1,98 2,09 MnO, . 0,18
1,32 1,32 1.33 1,76 1,66 SO§ ceesaas Nil Tr. Tr.
1,94 }15 2.68 193 | 2,30 | 138 | Ignitionloss .ereneunnne Maal | 313 | 3.4 | Ma97 | uewm
K2O teveverenannne 4.82 2,14 3.97 5.50 A 29,99 100,89 100.31 99,51
Class voureesasassonsasnsae 45,47,4 | 47,47,0 | 44,44,3 | 44,42,6

Semiquantitative spectrographic analyses

LA=more than 10 percent; C=1-5 percent; D=0.,1-1 percent; E=0,01-0,1 percent; F=0,001-0,01 percent;
G=less than 0,001 percent; ND =not detected. Li, Be, Ga, Ge, As, Cd, In, Sn, Sb, Ba, Ta, W, Pt, Au,

Chemical analysis of minor elements and oxides

Hg, and Bi looked for but not detected] of sample 4
1 2 3 1 2 . 3 1 2 3 4
Bivevesans E F F Clevuonans D E E [S) SR F F ND Nicsavesssf 0,022 MOOgssasssasss| 0,006
Na .. E D E E E C Zr ceneesne E E E .02 .0001
Mg..ceondl D D D E E D Cbavevens| E ND ND .004 16 56
E A C ND ND E MOeioesas E F E .003 .31
D E E G G G AB ennnenn F F G .011 Wieeseoassansss| <005
D E D E E D Pbesssseeds ND D ND .008

! Not included in total,
% Reported as mostly FeO.

8 Above 110° C.
4 At 110° C,
5 At105°C.

§ P05 also reported as 1.5 percent.
" Includes organic matter, CO,,

and S; 6.66 percent,
8 Reported as CO; .

° Includes MnO, and Ga,Os if present.
19 peported as iron oxide.
M At1,000°C,

13 99,20

in text,

13 Reported as MaOj.
% peported as organic and volatiles.,

15 By difference.

1 V205 alsa reported as 0.47 percent.
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Montana

Beaverhead County. Permian, Phosphoria formation. NW4SWi sec, 23,

T. 9 8., R. 9 W, Spectrographic analyst, Mortimer. Trench samples. Index
and outcrop map, generalized columnar section. (For other analyses from
same measured section see samples 47 and 48, group A, sample 1 group D,
and samples 15-18 group P; of this compilation, )

1, Lab, No. LAT-24, bed D-25, (Swanson and others, 1953b, p. 17, 21,
2, pl. 1,) Mudstone, calcareous, 2,8 ft thick, 26,95 ft from top of
member,

*2, Lab, No, RLP~63, bed B~5, (Swanson and others, 1953b, p, 18, 22, 2,
pl. 1.) (Partial analysis suggests 34,4 percent phosphate,) Mudstone
and phosphate rock; 1.45 ft thick; 2 ft from top of member.

Lab. No. ERC~388, bed C-13, (Swanson and others, 1953b, p. 18, 21,
2, pl. 1) (Partial analysis suggests 12, 1 percent phosphate, ) Mud~
stone nodules,

Beaverhead County, Phosphoria formation. SE}SWi sec. 35, T. 13 8,,

R. 10 W, Lab. No, WRL~150~47, (Swanson and others, 1953b, p, 29, 31, 2,
pL 1.) Mudstone; 1.3 ft thick, sampled in hand trenches and natural exposures;
26, 4 ft from top of member. Index and outcrop map, generalized columnar
section,

Flathead County, Precambrian, MacDonald formation, (About T. 87N.,

R. 23 W.) top of Mount Hefty, Analyst, Dittrich, Lab, No, 1250, (Daly,
1912, p. 102, 101,) (Analysis suggests 6,3 percent more CaO and MgO than
required for carbonates; shows 4, 0 percent FeO, 2,2 percent alkalies, )
Argillite, partially recrystallized. Bulk density, 2,687, General description
of formation,

Soluble portion of sample 5, (Daly, 1912, p, 103,)

Gallatin County, (Tertiary, Bozeman "lake beds.”) Gallatin Valley,

7. About sec, 19, T, 2S., R. TE., (U, M, Sahinen, written communica~-
tion, 1955) near Fort Ellis. Analyst, Clarke; collector, Peale,
(Clarke, 1915, p, 93,) Volcanic dust or sand,

8 (T.2S8,, R. 5 E.) near town of Bozeman. Analyst, Clarke; collector,

Peale, (Clarke, 1915, p, 93.) Volcanic dust or sand.

(Near Bozeman.) Analyst, Stokes, (Iddings, 1898, p. 147.) Volcanic
dust. Petrographic analysis also given. General remarks: Beds 2-5 ft
thick, separated by thin calcareous layers, Total thickness, 20 ft,
Near Bozeman, Analyst, Clarke; collector, Peale, (Clarke, 1915,

p. 93.) Volcanic dust or sand.

Gallatin County, Tertiary sediments, T. 10 S., R. 4 E,, (U. M, Sahinen,
written communication, 1957), Little Sage Creek. Analyst, Whitfield,

Lab. No. 35890a. (Merrill, 1886, p, 202, 199, 204,) Pumice dust, light~
gray, fine-grained, rather friable, homogeneous, sharp and gritty; contains

few particles of earthy matter, Possible use: Abrasive soap and powder.,

Park County. Formation, analyst, reference, and use as in sample 11,

T. 8(?) S., R 8(?) E,, (U. M, Sahi written cc ication, 1957)
Devil's Pathway. Lab, No. 35893a, Pumice dust, light-ash color, fine-grained,
Ravalli County. Oligocene and Miocene, Tertiary lake beds (U. M. Sahinen,
written communication, 1955). Parens mine, Bitter Root Valley, Analyst,
Berry, (Rowe, 1903, p. 9, 25,) Volcanic ash, description of outcrops.
Possible use: Abrasive.,

19,

20-21,

*3,

23-24,

25-26,

10,

217,

28,

29,

Nebraska

Box Butte County, Miocene, Sheep Creek formation, Box Butte member.
Sec. 26, T. 28 N., R. 52 W. Analyst, under supervision of Runnels,
Locality 4, (Swineford and others, 1955, p, 252, 245, 248, 249, 256, 258, 259, )
Volcanic ash, picked samples of unaltered and relatively uncontaminated ash,
screened, dried at 105° C, Bed 2 ft thick. Index map, photomicrograph,
optical data; arithmetic mean, standard deviation, coefficient of variation,
15, Channel sample, basal 6 in,
16, Channel sample, 6-10 in. above base.
17, Channel sample, 12-17 in, above base.
Buffalo County, (Recent, SE corner T, 9 N., R. 16 W, and NE corner T. 8 N.,
R. 16 W.) town of Kearney. Analyst, Borrowman. (Borrowman, 1942, p, 1L.)
Alluvium, brownish-yellow, soft; few sand, mica, and limestone particles;
0, 5 percent does not pass 150-mesh, Pit cavers 4 acres; 30 ft deep. Firing
properties, physical tests, Use: Brick.

30-31,

237-368 O—6T7——4

Nebraska=-=-Continued

Burt County, Upper Cretaceous, Dakota sandstone. (T. 21 N., R, 11E.) town
of Tekamah, Farmers Clay Products Co. quarry. Analyst, Borrowman,
(Borrowman, 1942, p,7,8.) Clay, yellow to reddish~yellow, gray and red,
coarsely mottled, very hard; representative sample, Physical tests. Use:Brick, tile,
Cherry County. Pliocene, Ogallala formation. Analyst, under supervision of
Runnels, (Swineford and others, 1955, p, 252, 244-246, 257-259,) Volcanic
ash, picked samples of unaltered and relatively uncontaminated ash, screened,
dried at 105° C, Index map, optical data, arithmetic mean, standard devia-
tion, coefficient of variation,

20, Valentine member, NE} sec, 17, T. 33 N,, R. 27 W, Locality 1,
Volcanic ash; 2 in. thick, associated with bentonite beds in silty sands,
about 75 ft above base of member. Spot sample, glass somewhat
altered.
Ash Hollow member. Center E} sec. 15, T. 32 N., R. 30 W. Locality
2, Spot sample, 0,8 ft above base of 10 ft bed,
Dawes County. Sheep Creek formation, Sand Canyon member. Sec, 14,
T. 29 N., R, 47 W. Analyst, under supervision of Runnels. Locality 3.
(Swineford and others, 1955, p, 252, 245, 246, 248, 251, 258, 259,) (Analysis
suggests 6,5 percent mare Ca0 and MgO than required for carbonates; shows
5.2 percent alkalies,) Volcanic ash, dark-gray, crossbedded, cemented at
top. Spot sample, 2,5 ft above base of 40 in, bed; unaltered, relatively
uncontaminated, screened, dried at 105° C, Index map, photomicrograph,
optical data, arithmetic mean, standard deviation, coefficient of variation.
Douglas County. (Pleistocene, glacial clays.) (T. 15 N., R. 13 E.) town of
Omaha, probably Omaha Hydraulic Pressed Brick Co. (Ries, 1897, p. 1162.)
Use: Brick.

23, Clay, red,

24, Clay, buff.
Douglas County. Recent. Analyst, Borrowman,

25, Missouri River sand, Omaha, (Condra, 1908b, p. 80, 36, 59, 142,)
Sand, gray when dry, fine, grains subangular; much of sand passes
100-mesh. Dried at 100° C. Mechanical analysis, physical proper~
ties, mineralogy.

Platte River sand. (T, 16 N., R. 10 E.) town of Valley, (Condra,
1908b, p. 112, 36, 59, 143,) Sand, gray to mottled light~pink;
natural gradation of particle size; dried at 100° C, Mechanical
analysis, physical properties. Use: Commerical grade; used locally.
Garden County, Ogallala formation, Ash Hollow member. (T. 18 N.,

R. 46 W.) about 0, 8 mile north of town of Lisco. Analyst, under supervision
of Runnels, Locality 7, (Swineford and others, 1955, p, 252, 245, 246, 255-
259,) Volcanic ash, partly cemented; channel sample of basal 16 in, of

4 fulentil, Picked sample of unaltered and relatively uncontaminated ash,
screened, dried at 105° C, Index map, optical data, arithmetic mean,
standard deviation, coefficient of variation.

Lancaster County, (Dakota sandstone. Sec. 4, T. 9 N., R. 6 E.) southwest
of Lincoln, pit of Yankee Hill brick plant, (Rymes, 1928, p, 49, 46, 53=56.)
Clay, dirty-brown, contaminated. Screen analysis, physical properties,

Use: Brick, tile.

Madison County, (Pleistocene, T. 21 N., R. 1 W,) town of Madison,
Analyst, Borrowman, (Borrowman, 1942, p, 10,) Loess clay, brownish~
yellow; 5 ft thick. Pit covers about T acres, Firing properties, physical tests,
Use: Brick. Possible use: Tile.

Miocene, Analyst, under supervision of Runnels. (Swineford and others, 1955,
p. 252, 244-246, 248, 257-259,) Picked samples of unaltered and relatively
uncontaminated volcanic ash, scresned, dried at 105° C, Index map,
photomicrographs, optical data, arithmetic mean, standard deviation,
coefficient of variation,

21,

26,

30, Scotts Bluff County. Gering formation, lower part. (T.21N.,
R, 56 W.) near Scotts Bluff National Monument. Locality 6.
Volcanic ash; 1,5 in. bed.

31, Sioux County, Harrison formation. Sec. 30, T. 26 N., R. 55 W,
Locality 5. Volcanic ash; partly indurated; 4 ft bed, about 10 ft
below top of formation.



44 CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

TABLE 5,— Analyses of samples from North Dakota containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories

[samples of mixed rock category indicated by an asterisk (*), Chemical analyses arranged by county and stratigraphic position. Minor discrepancies occur in naming of con~
stituents, and in their amounts, when more than one version of the analysis is found in the literature (Babcock, 1901; Babcock and Clapp, 1906). For analysis 13,
Hansen (1953): $i0,, Al;03+Fe;05, and CaO given as whole numbers in text. Additional information on percentages of these constituents and of MgO, COz, and ignition

loss were supplied by Miller Hansen (written communication, 1954) ]

North Dakota
1 2 3 4 5 6 7 8 9 10 11 12 13
33B4-1 | 33B4-2 3388-1 | 33B10-1 | 33B10-2 | 33B10-3 | 33B10-4 | 33B13-1 | 33B13-2 | 33B13-3 | 33B18-2 [ 33821-2 | 33B21-3
S10s.v20vseesvsnss | 68.38 66.22 58,73 61,52 67.55 67,51 60,17 65,98 75,65 70,27 51,27 76.24 50,26
AlCs... veees | 18,48 20,51 14,98 18.65 12. 40 20.08 17.35 20, 68 17.85 20,81 9.33 15.39 o.03
Fe;Os..... . 4,46 3,49 5.63 4,90 5,86 ’ 4.91 3.82 .49 .33 3,52 .79 .
|77 {0 R .78 .74 1,32 Tr. 11,22 1,78 .41 .18 .26 2,81 .33
Ca0.itvrnnseonane | onveee .23 2,10 .75 1,74 11,29 2,09 .29 .23 .23 11,15 .34 10,09
N2pO.vasarenannen | senees .988 T, 2.08
KzOrveennsonsnns | cevnes .16 ceeens .88 .50
HpO vorevnnnnnnnns | eeenns 8,80 ceeees | 2(15,78)
TiO2 vevennrecenne .50
SO5 sreernecacnsne | cennen .41
Ignition 108§ ... ,... 6.59 6.83 %16.672 10.11 7, 60 5,31 6.38 5.12 32,04
Totaleesssn.ns | 98,41 98,06 100, 00 95, 94 98,00 90.10 96. 82 98,78 100, 59 98,28 80.16 98.21 101,42
Class cauusensnness | 31,67,0 | 26,70,2 | 26,68,5 | 28,71,4 | 89,57,3 | 34,59,5 | 24,657 | 25,72,1 | 44,55,1 | 33,64,1 | 81,37,25 | 48,49,1 | 35,48,18
14 15 *16 17 18 *19 20 21 22 23
33B30-1 | 33B44-56 | 33B44-52 | 33B44-29 | 33B44-30 | 33B44-47 | 33B44-7 | 3344-14 | 33B44-15 | 33B44-16
73,90 62,10 66,01 65, 61 65. 01 63,37 67,74 67,95 67, 02 66.20
16. 49 17.39 8.97 8.71 14,37 183,36 15,10 12,72 10,01 15, 80
FE050ceeennsrsnanssrsssnsasssannssansasencssennan 125 6.08 4,39 4,50 4,87 4.60 5.58 4,39 4.62 5.35
MBO.sueesunrorssnescossanssssssnnssassescescsnses .46 1,01 2,51 2,51 2,51 2,51 1.21 2.50 2,50 1,02
Ca0. . tuiaeessanserasnssassssssnasssssessanssncans .29 .50 2.30 2,30 2,30 2,30 .87 2.4 2.417 1.22
N30 s etaneacnnensersosssssesssceosanssncnnsnnne .22 2.15 2.85 2.85 2,85 2,85 2,84 2,78 2,78 2.59
K20 totnnuseeaonasecernerasssenassaannassrsssonans 1,20 2,29 2,29 2,29 2,29 1.76 1,38 1,38 1.50
HyOr teiirennnaneresesreennarsessencensnsnnnseseee| sesees veeses | %(29.47)
.86 .80 .30 .30 .80 .80 .18 1,24 1,18
IGNILION 1058 s sessanassereansecnsonsescoransssnsanaes 5.52 6.72 5.57 8.90 6.82 5.68 4,26 6. 08 6,03 6.12
TOlalessussoesassesonsnnsrossssssoscsancaasaas | 99.33 96. 81 95.69 97.97 101.32 97.76 100,16 100,45 98,05 100, 98
ClasS s uveeesonncasossccnsnrsonsaansnsnasssnsesnans | 43,53,1 | 24,67,2 | 45,38,5 | 45,38,9 | 34,554 35,51,2 | 35,568,0 | 41,49,4 44,41,5 | 82,60,2
24 25 26 27 28 29 30 31 32 33
33B44-17 | 33B44-18 | 33B44-19 | 33B44-1 | 33B44-2 | 33B44-3 | 33B44-4 | 33B44-5 | 33B44-6 | 33B44-32
Si03.asueseacersesencrssarassssassansasssssncneass | 61,87 71,31 66.14 63.21 65. 82 69,77 66,25 67.17 66. 92 62,77
AlyO3eseeennseinessooissssnnssssssssasasnssonesans | 14,10 12,82 16.90 18.02 14,83 15,32 13,64 12,94 9,09 13,29
FEp080 s etneessronessrionnsesssssasssnnansasssanane 5,80 3.72 6.03 5,12 5.88 4.85 5.92 4,85 4,73 4,86
MEO. e seetnnnssrsnsessacaasssoasssonssasensnnsans 1,02 .81 .81 1.09 1.09 1,17 1.17 3,73
Cal...vee e eaeeiisasieerrensetasacanes 1,22 .66 .66 .62 .62 .70 .70 1.42
Na,0 . . 2,59 2,05 2.05 cevees 2,51 2,51 3,50 3,50 2.23
KO .. . 1,50 1,16 1.16 cerene 1.30 1,30 1,48 1.48 1,47
HpOn vovennanns .| *13.16)
TiO2 seernnnnns . 1,12 1,08 1.16 .25 .88 .28 1.16 2,92 .16 .25
1gRItion 1085 4 asuseseseencaceasrossssanassasassnnnns 5.38 5.32 6.20 9.19 4,24 5.70 5.10 6.34 6.50 18. 81
TOtAlsessuseoseseasssnsssssssassasossssacoans | 100,60 98,93 101,11 95.79 97.17 101, 44 98.92 101,07 96,25 99,98
36,56,1 | 44,48,2 | 29,65,1 | 26,70,0 | 33,58,0 | 37,58,1 | 35,550 | 39,51,4 | 46,39,6 | 34,66,0
35 36 *37 38 39 40 *41 2 *43
33B44-9 | 33B44-10 | 33B44-33 | 33B44-11 | 33B44-12 | 33B44-13 | 33B44-34 | 33B44-20 | 33B44-35
64,20 6. 64 61.86 63. 08 68, 88 62.14 59,71 70.73 64,76
18,178 11,05 10.98 16,44 11,56 12,54 11,30 13.16 16.217
5. 67 4.05 5.19 4.86 4,96 3,12 4,85 5.35 4,39
3,31 .84 .84 3,31 3,31 1,04 .79
5,72 1.06 1,06 5.72 5.72 .74 2.16
2,74 1.30 1.30 2,74 2,74 2.97 3.05
1.91 1,51 1,51 1,91 1,91 1.10 2,41
2 N venees | 4(21,71)
TiO8 v e st nureanasnessasoennsessernnssesannnnonnanas .13 .25 .72 1,34 .72 .56 .64 1,12 .86
IgNItion 1085 veevunseeerenssorseensssassennrassennes 5.33 6.10 7,64 7.25 6.15 4,88 9,66 6.38 3,72 2,57
TOtal esesassoereenncnonsascossesssnsnanssenaas | 96,88 95,00 99.63 99.68 96,58 95,71 101,70 96,56 99.93 | 597.26
ClaSS easeseecassseesssosascssaasnsaceassssnnsacass | 26,71,0 | 2570,0 | 53,47,0 | 37,45,7| 29,61,2 | 43,47,2 |36,45,12 | 34,46,5 | 41,52,0 | 31,57,0

! Calculated from reported MgCO; or CaCOjs.,
% Not included in total.

s By difference, reported as HyO and volatile matter (Babcock, 1901, p.40) .

4 At 106°C. , not included in total,

596,55 in text.
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North Dakota

Billings County. Eocene, Fort Union formation, Tongue River member, 14,
(T. 140 N., R, 100 W,), Belfield area, trench 102, Lab, No, 295, (Clarke,
1948, p. 21, 6, 23, figs, 1, 9,) Clay, uncombined silica present, alumina
content of clay beds given. Index maps, generalized stratigraphic table,
Billings County, Eocene, Golden Valley formation (W. E. Benson, personal
communication, 1954). T. 143 N., R, 99 W,, divide between Kaife and
Little Missouri Rivers, Analyst, Babcock. Lab. No. 3702. (Babcock and
Clapp, 1906, p, 191, 132, 167, 168, table 1, pl, 2.) Clay, light-gray to
buff, sandy; 2 ft thick (5 ft from top of butte). Index and outcrop map,
geologic map; detailed measured section, Ceramic tests, physical properties,
Possible uses Brick, dark~colored stoneware. (For another analysis from same
measured section see sample 1, group D of this compilation. )
Burleigh County. Upper Cretaceous, Lance formation, Cannonball marine
member (W, E, Benson, personal communication, 1954) reported as Laramie
formation. (T. 139 N., R 80 W.) near town of Bismarck. Analyst, Babcock,
{Babcock, 1901, p. 40, 41; Babcock, 1906, p, 221, 224, pl. 2; Babcock and
Clapp, 1906, p, 118, 117, tble 1, pl, 2.) Clay, chocolate-colored, fine,
plastic, uniform texture; about 6 ft thick, Geologic map, ceramic tests,
Possible use: Brick, drain and sewer pipe, earthenware,
Cavalier County. Upper Cretaceous, Benton shale, Secs, 33, 34, T, 163 N.,
R, 57 W., Mayo Brick and Tile Co, Analyst, Berkey. Lab. No. 4. (Berkey,
1905, p. 151, 142, 149, 152, pl. 12,) Clay shale. General descriptions
Black or greenish~gray, laminated, very plastic on weathered outcrops, Index
map, geologic map, measured section, Use: Brick, tile, (For another
analysis from same measured section see sample 2, group D of this compilation,)
Cavalier County. Formation, locality, analyst, and use as in sample 4.
(Babcock and Clapp, 1906, p. 102, pl. 2) Clay, from top of formation.
Geologic map.
Cavalier County, Upper Cretaceous, Niobrara formation, (Probably SE}
sec, 13, T, 159 N., R. 57 W, ), Park River outcrop, (Bamy and Melsted,
1908, p. 171, 162, 163, pl. 28,) Shale. Geologic and outcrop map,
detailed measured section. :
Cavalier County. Upper Cretaceous, Pierre shale. NE} sec. 26, T. 159 N.,
R, 57 W., north of town of Union. (Barry and Melsted, 1908, p. 174, 173,
pl. 28,) shale, from exposure. Geologic and outcrop map, Possible use:
Brick,
Dunn County. Golden Valley formation (W. E. Benson, personal communi~
cation, 1954). T. 147 N., R, 94 W., 5 miles east of Jim Creek. Analyst,
Babcock. Lab., No, 3903, (Babcock and Clapp, 1906, p. 191, 159, 160,
168, table 1, pl, 2,) Clay, yellowish-white, compact, Contains fine sand,
some mica, and segregations of iron; 2 ft thick (29 ft below top of exposure).
Index and outcrop map, geologic map; detailed measured section. Ceramic
tests, physical properties. Possible use: Brick, stoneware. (For other analyses
from same measured section see samples 4 and 5, group D of this compilation. )
Dunn County. Golden Valley formation (W. E. Benson, personal communi-
cation, 1954). Sec, 25, T. 141 N., R. 95 W,, White Buttes. Analyst,
Babcock. (Babcock, 1906, p. 216, 217, 241, pl. 2; Babcock and Clapp, 1906,
p. 191, 132, 144-146, pl. 2.) Index and outcrop map, geologic map,
detailed measured section. Ceramic tests, physical properties,

9, Lab, No, 2608, Clay, white, sandy; 25-30 ft thick (about 27,5 ft
below top of exposure). Possible use: Refractories.
Lab, No, 2607. Clay, light-gray, sandy; 1.5 ft thick (26 ft below
top of exposure), Possible use: Refractories, whiteware,

15,

16~43,

10,

Grand Forks County. Pleistocene, Wisconsin drift. (T, 152 N., R, 50 W.)
town of Grand Forks, Alsips brick works, Analyst, Babcock. (Babcock,
1901, p. 40; Babcock and Clapp, 1906, p. 185, pl. 2.) Clay, yellow;
about 3 ft thick. Geologic map. Use: Brick.

Hettinger County, Golden Valley formation (W, E. Benson, personal com-
munication, 1954). NE corner, T. 135 N., R, 95 W,, Black Butte. Analyst,
Babcock. Lab. No, 2103, (Babcock and Clapp, 1906, p. 191, 174, 175,
plL 2.) Clay, white, sandy; 5 ft thick (110 ft below top of butte). Contains
very fine sand grains covered with kaolin, Index and outcrop map, geologic
map; detajled measured section. Ceramic tests, physical properties, Possible
use: Tile, semirefractorfes. (For another analysis from same measured
section see sample 6, group D of this compilation. )

Hettinger County, Oligocene, White River formation, SWi sec. 6, T, 136 N,
R, 94 W,, School Butte, Analyst, under supervision of Burr, Lab, No. 20-2,
(Hansen, 1953, fig, 11, p, 159, 172, fig. 14,) Clay, gray-green, calcar~
eous; 1 ft thick, Overburden, estimated tonnage. Index maps, measured
section, correlated (fence) diagram. Total insoluble, 65,26 percent;
analysis on dry basis, Use: None,

North Dakota~~-Continued

Morton County. Golden Valley formation (W. E. Benson, personal communi-
cation, 1954). Sec, 11, T, 140 N,, R, 90 W,, Hebron Brick Co. pit.
Analyst, Babcock, Lab. No. 2905, (Babcock and Clapp, 1906, p. 191, 135,
136, pl. 2.) Fire clay, light-gray, sandy; contains carbonaceous material,
some iron stain; near top of 50 ft bed (about 30 ft below top of exposure).
Index and outcrop map, geologic map, detailed measured section, Ceramic
tests, physical properties, Use: Stoneware, white earthenware, brick.
Slope County. Upper Cretaceous, Hell Creek formation, Sec. 28 and 29,
T. 133 N., R. 105 W,, Marmarth area, Lab. No. 262, (Clarke, 1948,
p. 20, 6, 23, 30, figs. 1, 8,) Clay, uncombined silica present, alumina
content of clay beds given. Index maps, generalized stratigraphic table,
Tests for water-softening properties. ’
Slope County, White River formation, Chalky Buttes area, Clay, wench
samples, Uncombined silica present, alumina content of clay beds given.
Index maps, generalized stratigraphic table., Tests of water-softening
properties, Possible use: Water softener.
16-19, Sec, 30, T, 134 N,, R. 100 W., Trench 28,
p. 16, 6, 23, 30, figs, 1, 7.)
*16, Lab. No. 96. (Analysis shows 5,1 percent alkalies; suggests
2. 5 percent more CaO and MgO than required for carbonates, )
Lab. No. 97,
Lab, No. 98.
Lab. No. 99. (Analysis shows 5,1 percent alkalies; suggests
3,6 percent more CaO and MgO than required for carbonates, }
20-26. Sec. 14, T. 134 N., R. 101 W,
20, Trench 5, Lab, No. 39,

(Clarke, 1948,

11,
18,
*19,

(Clarke, 1948, p. 14, 15, 6, 23, 30, figs, 1, T.)
21, Trench 10, Lab, No, 46.

(Clarke, 1948, p. 15, 6, 23, 30, figs. 1, 7.)
22, Trench 10, Lab, No. 47.

(Clarke, 1948, p. 15, 6, 23, 30, figs. 1, 7.)
23, Trench 11, Lab. No. 28,

(Clarke, 1948, p, 14, 15, 6, 23, 30, figs, 1, 7.)
24, Trench 11, Lab, No, 29,

(Clarke, 1948, p. 14, 15, 6, 23, 30, figs. 1, 7.)
25, Trench 12, Lab, No. 30,

(Clarke, 1948, p. 14, 15, 6, 23, 30 figs, 1, 7.)
26, Trench 12, Lab. No. 31,

(Clarke, 1948, p. 14, 15, 6, 23, 30, figs. 1, 7.)

27-32, Sec, 15, T. 134 N., R, 101 W, Detailed measured sections,
27, Trench 1, Lab, No. 6,

(Clarke, 1948, p, 14, 6, 9, 23, 30, figs. 1, 7.)

28, Trench 2, Lab, No. 43,

(Clarke, 1948, p, 14, 15, 6, 9, 23, 30, figs. 1, 7.)
29, Trench 2, Lab, No. 45.

(Clarke, 1948, p. 15, 6, 9, 23, 30, figs. 1, 7.)
30, Trench 3, Lab, No. 41.

(Clarke, 1948, p. 14, 15, 6, 9, 23, 30, figs. 1, 7.)
31, Trench 3. Lab, No, 42,

(Clarke, 1948, p. 14, 15, 6, 9, 23, 30, figs, 1, 7.)
32, Trench 4, Lab., No, 40,

(Clarke, 1948, p, 14, 15, 6, 9, 23, 30, figs. 1, 7.)

33-42, Sec. 15, T, 134 N., R. 101 W. (Clarke, 1948, p. 14, 15, 6, 8,
23, 30, figs. 1, 7.) Detailed measured sections. (For another
analysis from wench 7 see sample 10, group D of this compilation. )

33, Trench 7, Lab., No. 7.
34, Trench 7. Lab. No. 11,
35, Trench 7. Lab. No, 1la.
36, Trench 7. Lab, No, 12,
*37, Trench 8, Lab, No. 34, (Analysis suggests 5.5 percent

mote CaO and MgO than required for carbonates; shows 4,7

percent alkalies. )

Trench 8, Lab, No.

Trench 8., Lab, No.

Trench 9. Lab., No, 32,

Trench 9. Lab. No. 33, (Analysis suggests 6,4 percent

mote CaO and MgO than required for carbonates; shows 4,7

percent alkalies, )

Trench 13, Lab. No, 25, (For another analysis from trench

13 see sample 11, group D of this compilation. )

Sec, 23, T. 134 N., R. 101 W, Trench 14, Lab. No. 48. (Clarke,

1948, p. 15, 6, 23, 30, figs, 1, 7.) (Analysis shows 5.5 percent

alkalies; suggests 3, 0 percent more CaO and MgO than required for

carbonates, )

38,
39,
40,
*41,

35,
36,

42,

*43,
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TABLE 5.~ Analyses of samples from North Dakota containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--Continued

North Dakota

*44 *45 *46 *47 *48 49 50 *51 *52 53 *54 *55 56
33B44-36 | 33B44-37 | 33B44-38 | 33B44-39 | 33B44-40 | 33B44-21 | 33B44-22 | 33B44-41 | 33B44-42 | 33B44-24 | 33B44-43 | 33B44-44 | 33B44-25
S10sveevuneseann-s | 65.16 61,81 61,47 66.10 66.26 63. 56 67. 48 67.20 59. 79 66. 39 61,91 62.10 59. 97
ALOg.eeenverune. | 16,45 5.91 16,48 14,01 12.10 19.14 11,80 8.34 13. 86 12,05 13,51 12.35 14,14
Fe;0s.. veeaee 4,96 4,60 5.08 6.03 6.48 5,53 5,55 3.93 7.61 4,52 4,29 4,03 4,17
MEOuenrinnnnnnnn 1.27 3,07 1.15 1.01 1.01 1,01 1,01 2,30 1.54 1.54 1,54 2,01 2,36
2,64 5.26 .92 .85 .85 .85 .85 1.70 1.38 1.38 1.38 7.12 5,38
3,14 il 2.82 3.02 3,02 3,02 3,02 2,38 2,60 2.60 2,60 1.89 2,52
2,21 2,25 1.63 1.73 1.73 1.73 1,73 1.56 1.91 1,91 1,91 1,42 2.25
.96 .58 1,20 1,68 .98 1,10 1,20 1.38 1,08 1.60 2.14 .64 .80
Ignition 1SS + ..., . 2,50 8.75 5.40 3.65 4,68 5.38 6.08 6. 67 5.32 5,95 6.20 7,00 7.92
Total...ev.e.. | 299,29 96,94 96.15 98,08 97.11 | 101.32 98.72 95, 46 95. 09 97,94 95.48 98. 56 99,51
Class . vuvueraannn. | 30,59,0 | 46,29,13 | 27,62,0 | 35,550 | 38,52,0 | 23,70,0 | 40,49,4 | 48,357 | 27,60,0 | 40,47,4 | 33,51,4 | 36,47,6 | 30,53,7
*57 *58 *59 #60 61 62 *63 *64 65 66 67 68 69
33B44-45 | 33B44-46 | 33B44-48 | 33B44-49 | 33B44-26 | 33B44-27 | 33B44-50 | 33B44-51 | 33B44-28 | 33B44-23 | 33B44-31 | 33B45-14 | 33B45-2
63. 95 66. 92 64,34 66. 09 61. 95 67, 64 86.37 64, 64 67.00 62.38 65.16 55,77 65. 03
11,77 12,52 13.89 8.40 10,32 7.28 8.90 14,09 9,20 11,79 19.16 12.15 23,16
4,96 3.39 4,86 4,16 4.39 3.93 4,05 4,63 4,50 4,37 3,32 4,21 1,00
2.36 2.36 2.42 2,42 9.42 2,42 2.85 2.85 2.85 3,15 1.75 1,90 44
5.38 5.38 2.95 2.95 2,95 2,95 3,62 3.62 3.62 3.75 1.04 5,92 .29
2,52 2,562 2.00 2,00 2.00 2.00 1,93 1,93 1,93 2.48 cesans .992 secane
K2O teveennnennnn. 2,25 2,25 1.68 1,68 1.68 1.68 2,01 2,01 2,01 1,52 2256 | aeeas
TiOgeevsereernnenn .84 .84 1.24 1.43 .40 .56 .94 2,14 1.06 .54
Ignition 108§ . ...... 6.34 5,34 3.90 7.05 9.97 7.18 6.40 5.40 7.70 9.00 4,83 | 318.742 7,21
Total......... | 100,37 |4101,52 97.28 96.18 96. 08 95. 64 97.07 | 10131 99,87 98.98 95.26 | 100.00 97,13
38,47,5 | 41,46,3 | 34,53,0 | 47,35,8 | 39,43,10 | 50,31,9 | 46,37,7 | 34,53,2 | 46,38,9 | 37,46,10 | 28,65,0 | 29,5515 | 23,73,1
70 71 72 73 74 75 6 77 8 79 80 81 82
33B45-4 | 33B45-13 | 33B45-7 | 33B45-11 | 33B45-12 | 33B45-9 | 33B45-6 | 33B45-3 | 33B45-97 | 33B45-98 | 33B45-99 | 33845-100 | 33845-101
65.70 5, 27 66.55 2. 66 73.20 67. 60 66.48 65. 46 65. 39 65, 52 63, 44 63. 46 63. 36
22,07 17.29 23,22 17.33 18.56 16.32 19,55 20,97 15,95 15.79 16. 67 17,00 15,41
1.33 .83 1,16 1,05 .50 2.82 2,49 1.83 4,48 5.18 5.11 4,75 5,11
. .36 .18 .61 .52 .51 1.16 1,14 .39 .39 .39 .39 .39
Cal.uevrvnnnnnnn, .23 .48 .29 .13 .29 3.45 .84 .23 1.20 1.20 1.20 1.20 1,20
N3O e evevnrernnns | evunes Tr. .38 B T .12 51,12 51,12 £1,12 $1.12 £1,12
KoO evervnenvnnens | eevees .32 .36 .36 1.38
TiOp vevverennees | weenns .67 .4 .78 .80 .80
Ignition loss . ...... 6.90 5.5 7.09 9.35 5,93 7.07 7.45 6.79 9,21 6.56 6.58 6.82 7,92
Total......... | 96.59 | 100,10 98.92 | 101.26 99,74 97.77 97.97 98,52 | $98.41 96,50 95.29 95,54 95,81
Class .vvevenennnns | 25,70,1 | 44,55,1 | 24,73,2 | 41,59,0 | 40,58,2 | 36,56,5 | 29,654 | 26,68,2 | 32,62,3 | 32,60,3 | 28,62,2 | 28,63,3 | 30,60,3
83 84 85 86 87 88 89 90 91 % 93 94 95
33B45-102 | 33B45-103 | 33845-104 | 33B45-105 | 33B45-106 | 33B45-107 | 33845-108 |33B45-109 | 33B45-110 | 3345-111 | 33545-112 | 3345-113 | 33B45-114
S10geuuesensennnas | 62.38 62.79 62,90 67, 47 65. 54 66. 04 62.71 63.24 62. 12 62. 38 63. 80 62. 72 67.52
ALOsesieneneannns | 17,57 18,94 16.33 16.58 15.34 17.90 17, 98 16.66 19.05 17,40 18,21 18. 09 15,32
| 5.18 3,26 5. 67 4,33 4,54 3,12 3,40 4,96 3.55 4,68 4,96 5,11 4,54
MEOieiouanrraanen .39 .39 1,74 1,74 1.74 1.74 1,74 1.74 1,74 1.74 .87 .87 1,81
Calururrrennennes 1,20 1.20 1,05 1,05 1.05 1.05 1.05 1,05 1,05 1,05 .45 .45 2.45
NagO%evrvennnenn 1,12 1,12 .91 91 .91 .91 .91 .91 3 .91 3.00 3,00 1,14
TiOgeseerreernnses .78 .78 .80 .86 .88 .70 .76 .80 .16 .8 .87 .86 .80
Ignition 10ss ....... 6.87 6.82 7.40 6.49 7.22 6.68 7,01 7.51 7.17 7.52 6.10 7.67 7,72
Total.vseveaas | 95,49 95.30 96. 80 99,43 97,22 98.14 95,56 96.87 96. 35 96,46 98.26 98.77 | 101.30
Class vevevneneens. | 25,65,3 | 26,65,3 | 28,63,4 | 33,60,3 | 33,57,5 | 31,61,3 | 27,62,3 | 28,62,4 | 24,66,3 | 26,64,4 | 26,67,1 | 25,67,3 | 35,576

! At 106° C., not included in total.

% 96. 41 in text.

3 By difference, reported as H,O and volatile matter,

497,28 in text,

5 (Not clear in text, NayO may include K;0.)

698, 39 in text.
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North Dakota--Continued

Slope County. Oligocene, White River formation, Chalky Buttes area. Clay.
Trench samples. Uncombined silica present. Alumina content of clay beds.
Index maps, generalized stratigraphic table. Tests of water-softening
properties. Possible use: Water softener.

44-50. Sec. 23, T. 134 N., R. 101 W. (Clarke, 1948, p. 15, 6, 23, 30,
figs. 1, 7.)

*44, Trench 14, Lab, No. 49, (Analysis shows 5.4 percent alkalies,
1.0 percent TiO,; suggests 3. 9 percent more CaO and MgO than
required for carbonates, )

*45. Trench 15. Lab. No. 51. (Analysis shows 7.0 percent alkalies,
suggests 1.5 percent more CaO and MgO than required for
carbonates. )

*46. Trench 16. Lab. No. 59. (Analysis shows 4,5 percent alkalies,
1.2 percent TiO,; suggests 2. 1 percent more Ca0O and MgO than
required for carbonates. )

*47, Trench 17. Lab. No. 60, (Analysis shows 4.8 percent alkalies,

1.7 percent TiO,; suggests 1.9 percent more Ca0O and MgO than

required for carbonates. )

Trench 17. Lab. No. 61. (Analysis shows 4.8 percent alkalies,

1,0 percent TiO,; suggests 1.9 percent more Ca0O and MgO than

required for carbonates. )
49. Trench 17. Lab. No. 62.
50. Trench 17. Lab. No. 63.

*51, Sec, 25, T, 134 N., R, 101 W, Trench 20, Lab., No. 78, (Clarke,
1948, p. 16, 6, 23, 30, figs. 1, 7.) (Analysis shows 3.9 percent alka-
lies, 1.4 percent TiO,.)

*52, Sec. 25, T. 134 N., R. 101 W. Trench 21, Lab. No. 70. (Clarke,
1948, p. 15, 6, 10, 23, 30, figs. 1, 7.) (Analysis shows 4.5 percent
alkalies, 1.1 percent Ti0;; suggests 2, 9 percent more Ca0 and MgO
than required for carbonates.) Detailed measured section.

53-65. Sec. 25, T. 134 N,, R. 101 W. (Clarke, 1948, p. 16, 6, 10, 23,

30, figs. 1, 7.)
53. Trench 21. Lab. No. 72. Detailed measured section.

*54. Trench 21. Lab. No. 73. (Analysis shows 4.5 percent alkalies,
2.1 percent TiO,; suggests 1.1 percent more CaO and MgO than
required for carbonates.) Detailed measured section.

*55. Trench 22. Lab, No. 74. (Analysis suggests 5,7 percent more
Ca0 and MgO than required for carbonates; shows 3, 3 percent
alkalies.) Detailed measured section.

56, Trench 24. Lab. No. 80.

*57. Trench 24, Lab. No. 81. (Analysis suggests 5.3 percent more
Ca0 and MgO than required for carbonates; shows 4, 8 percent
alkalies. )

*58. Trench 24. Lab, No, 82. (Analysis suggests 6,2 percent more
Ca0 and MgO than required for carbonates; shows 4.8 percent
alkalies. )

*59. Trench 25. Lab, No, 83. (Analysis suggests 5,4 percent more
Ca0 and MgO than required for carbonates; shows 3, 7 percent
alkalies. )

*60. Trench 25. Lab. No. 84. (Analysis shows 3.7 percent alkalies,
1.1 percent TiO,; suggests 1.1 percent more CaO and MgO than
required for carbonates. )

61, Trench 25. Lab. No. 85,
62. Trench 25. Lab. No. 86.

*48,

*63. Trench 26. Lab. No. 89. (Analysis shows 3.9 percent alkalies;
suggests 3, 0 percent more CaO and MgO than required for
carbonates. )

*64. Trench 26. Lab. No. 90. (Analysis suggests 5. 7 percent more

Ca0 and MgO than required for carbonates; shows 3.9 percent
alkalies, 2,1 percent TiOy. )
65. Trench 26. Lab. No. 91,
66. Sec. 26, T. 134 N., R, 101 W. Trench 18. Lab. No, 112, (Clarke,
1948, p. 16, 6, 23, 30, figs. 1, 7.) Clay.

67, Slope County., White River formation (W. E. Benson, personal communica-

€8.

tion, 1954), T, 134 N,, R. 101 W., butte about 4 miles north of Sandcreek
Post Office. Analyst, Babcock, Lab. Nos. 406, 408, (Babcock, 1906,

p. 210, pl. 2; Babcock and Clapp, 1906, p. 191, 179, 180, pl. 2,) Clay,
giayish-white, calcareous; 7 ft thick (102 ft below top of butte). Index and
outcrop map, geologic map; detailed measured section, Ceramic tests, physi-
cal properties, Use: Plaster, Possible use: Brick, red earthenware, tile,
Stark County. Eocene, Fort Union formation, Tongue River member (W.E.
Benson, oral communication, 1954). (T. 139 N., R. 95 W.) east of
town of Dickinson, Lehigh coal mine. Analyst, Babcock. (Babcock, 1901,
p- 42.) Clay, gray; 5-10 fu thick, overlies coal bed. Bakes buff, tends to
fuse at high temperatures. Possible use: Brick.

North Dakota--Continued

69-77, Stark County. Eocene, Golden Valley formation (W, E. Benson, oral

communication, 1954). Analyst, Babcock. Clay, Index and outcrop map;

geologic map; detailed measured sections. Ceramic tests, physical properties,

69-71. Locality, 6 miles east of Dickinson. (Babcock, 1906, p. 206, 207, 228,
239, 240, pl, 2; Babcock and Clapp, 1906, p, 191, 133, 147, 148,
pl. 2.)

69, Lab No, 2403. Clay, grayish-white to white; near bottom of

5-ft bed (8 ft from top of exposure) . Possible use: Stoneware,

brick, earthenware,

Lab. No. 2402, Clay, grayish-white to white, near top of 5-ft

bed (3.5 ft from top of exposure). Possible use: Stoneware,

brick, earthenware.

71. Lab. No. 2401. Clay, grayish-white, fine, sandy; some quartz,
mica, iron stain; 2.5 ft thick (1 ft below top of exposure).
Possible use: Refractories, pottery, earthenware.

72-73. Secs. 8, 9, 16, and 17, T. 139 N., R, 96 W., southwest of
Dickinson. (For another analysis from same me asured section see
sample 13, group D of this compilation.)

72. Lab. No, 105, (Babcock, 1906, p, 205, 239, pl, 2; Babcock and
Clapp, 1906, p. 191, 133, 149, 150, 151, pl. 2,) Clay, blue-
gray, compact, fine-grained, plastic; carbonaceous, fossil leaves,
Near top of 6-ft bed (13.5 ft from top of bntte) . Possible
use: Stoneware,

73, Lab.No, 101, (Babcock, 1901, p, 45, 48, 51; Babcock, 1906,

p. 214, pl. 2; Babcock and Clapp, 1906, p. 150, 133, 149, 151,
pl. 2.) Clay, white, some sand; 4 ft thick; near top of butte.
Possible use: Brick, refractories, earthenware.

74, Sec, 17, T. 139 N., R, 96 W., southwest of Dickinson. Lab, No. 111,

(Babcock, 1906, p. 238, pl. 2; Babcock and Clapp, 1906, p. 191, 133,

150, 151, pl. 2) Fire clay, white, sandy; quartz sand coated with

clay; 8 ft thick., Use: Brick. Possible use: Earthenware.

75, (T. 139 N,, R, 96 W,), Antelope Creek, 10 miles south of Dickinson,

Lab, No. 1103, (Babcock, 1906, p, 206, pl. 2; Babcock and Clapp,

1906, p. 191, 133, 170, 171, pl. 2.) Clay, sandy; white quartz sand

coated with kaolin. Contains ferruginous and calcareous concretions,

0.5 in,~15 ft in diameter; 10 ft below top of outcrop. Possible

use: Refractories, brick.

76. (T. 139 N., R. 97 W.), 9 miles southwest of Dickinson. Lab. No. 803,

(Babcock, 1906, p. 221, 224, pl. 2; Babcock and Clapp, 1906,

p. 191, 133, 154-156, pl. 2,) Clay, light bluish-gray; 1 ft thick

(about 37 ft below top of butte), Possible use: Brick, tile, terra cotta.

77, T. 140 N,, R. 93 W,, butte 1,5 miles north of town of Taylor. Lab,

No. 3304, (Babcock, 1906, p, 229, pl, 2; Babcock and Clapp, 1906,

p. 191, 133, 141, 142, pl. 2,) Clay, white, sandy; 4 ft thick

(26 ft below top of exposure) . Possible use: Stoneware,

70

78-95, Stark County. White River formation. Sec. 6, T. 137 N., R. 97 W., town

of South Heart, Little Badlands area. (Clarke, 1948, p. 19, 20, 6, 23, 25,
30, figs, 1, 6,) Clay. Trench samples, Uncombined silica present.
Alumina content of clay beds. Index maps, generalized swatigraphic table.
Tests of water-softening properties,

78. Trench 77. Lab. No. 213,

79, Trench 77. Lab. No. 215,
80. Trench 77. Lab, No. 216.
81, Trench 77. Lab. No, 217.
82, Trench 77. Lab. No. 218.
83, Trench 77, Lab, No. 219.
84, Trench 77. Lab. No. 221,
85, Trench 78, Lab. No, 222.
86, Trench 78, Lab. No. 223,
87, Trench 78, Lab. No. 224,
88, Trench 78, Lab. No, 225.
89, Trench 78, Lab. No., 226,
90, Trench 78, Lab, No. 227.
91, Trench 78, Lab. No. 228,

92, Trench 78, Lab. No. 229.

93, Trench 79. Lab. No. 231,
94, Trench 79, Lab. No, 232,
95. Trench 79. Lab, No, 234.
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TABLE 5,— Analyses of samples from North Dakota containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--Continued

North Dakota
96 97 98 99 100 101 102 103 104 105 106 107 108
33B45-115| 33B45-116 [33B45-117 |33B45-118 | 33B45-119 | 33B45-120 | 33B45~121 | 33B45-122 | 33B45-123 | 33B45-124 | 33B45-125 | 33B45-126 | 33B45-127
SiOzeeevcnossccnas 64,10 65, 83 61.78 60,08 59. 36 66. 94 65.48 64,32 66,24 67.83 67.40 65. 64 64.94
AlyOgevevrevernnan 14.86 17.22 16,86 17,58 16,89 16.71 17.42 17,81 17.55 17,64 15,88 15,94 17.26
FesOzeevevenenenss 4,54 4.54 4,33 4, 54 4.26 3.83 4,40 4,25 4,33 4,04 4,82 4,82 4,54
MgO..... resene s 1.81 1.81 1.81 1,81 1,81 1.30 1.30 1,30 1.30 1,30 1.30 1.30 1.30
[oF: 10 A 2,45 2,45 2,45 2.45 2.45 .69 .69 .69 .93 .93 .93 .93 .93
) 710 1.14 1.14 1.14 1.14 1,14 1.79 1.79 1,79 3,14 3.14 3.14 3.14 3.14
TiOgevevereecocesns .90 . T4 .68 ] .88 .90 1.00 .82 .88 .19 .80 .88 .16
Ignition loss ....... 1.64 17.52 1.69 8.16 8.81 5.84 5,74 6.08 6.27 6.32 7.20 6,178 7.46
Total...eseans 97.44 101.25 96, 74 96. 51 95. 60 98,00 97.82 97,06 100, 64 101,99 101.47 99, 43 100,33

Class . oevcveanass | 33,56,6 | 30,63,4 21,61,5 24,64,6 25,61,17 33,60,1 30,63,1 28,64,1 | 30,63,2 32,63,2 34,59,4 32,60,3 | 29,63,4

109 110 111 112 113 114 115 116 117 118 119 120 121
33B45-128 | 33B45-129 | 33B45-130 | 33B45-131 | 33B45-132 | 33B45-133 | 33B45-134 | 33B45-135 | 33B45-136 | 33B45-137 | 33B45-138 | 33B45-86 | 33B45-82
S102.1000nneeenens | 63.80 64.96 64.44 65.53 63.44 66.08 65.43 5. 41 65.24 67.08 64,24 66. 30 71,32
AlO3eernrenennns | 17,21 17,56 16. 50 15,98 16.93 16.82 16.90 16,91 16,97 15.75 17.97 14.82 13,79
F&203.0innnnennns 4,89 4,40 475 4,54 5.04 4.14 4,54 4,61 3,97 4,25 4.69 5.56 5.33
MEO.itivunneanns 1,30 .98 .98 .98 .98 1.08 1.08 1.08 1.08 1.08 1,08 .90
Ca0....... .93 .80 .80 .80 .80 .80 .80 .80 .80 .80 .80 .32
N0 .... 3,14 1.52 1.52 1.52 1.52 1,52 1.35 1.35 1.35 1.35 1.35 1.40
KO ervrnnnennonee | wevnnn 2,53
HyO-, at 106°C.ee | ...... vevee. |M19.1M) e 2,28
.80 .74 .94 .85 .80 5 .58 .78 .94 .4 .70 .76
7.34 6.20 8,71 7.63 7.82 6.05 7,18 6,81 5.64 5,83 8.12 3,52
Total......... | 99,41 97,16 98. 64 97.83 97.33 97,24 98.41 97,98 97.00 96.89 96.70 95,50 | 102.15
Class ..evennennn .. | 28,64,4 | 29,63,1 | 30,63,3 | 32,60,3 | 28,64,3 | 32,61,2 | 30,62,4 | 30,62,4 | 31,61,3 | 34,58,1 | 27,65,0 | 34,61,0 | 41,550
*122 123 124 125 126 127 128 129 130 131 132 133
33B45-139 | 33B45-27 | 33B45-83 | 33B45-84 | 33B45-85 | 33B45-28 | 33B45-29 | 33B45-30 | 33B45-31 | 33B45-32 | 33B45-78 | 33B45-79
SI0z4 s eenneeessnncernnasenes 71.18 66.79 69. 44 69. 86 69.13 76.64 72.21 74,93 67.22 68. 82 62.99 59.28
7.93 9.05 9,83 11,71 14,20 7.00 8.96 7.53 9,51 11.36 14.89 15,90
4,27 3.23 4.63 417 5.33 4,61 3.21 3,93 3,17 4,38 4.05 4,86
2,37 2,37 .74 .74 .74 1.71 .77 1,64 1,64 1.64 .91 .91
5.90 5.90 .60 .60 .60 .85 .85 3.50 3.50 3,50 .53 .53
1,67 1,67 1.85 1.85 1.85 2,82 2,82 1.52 1.52 1.52 1.84 1.84
1,25 1.25 1,94 1.94 1.94 1,07 1,07 1.10 1.10 1.10 2.34 2,34
HyO-, at 106°C.... 3,80 4,20 3,31 3.30 4,22
TIOge tevurerecaneeoransanens .46 .66 .48 1,52 .36 .52 .55 .46 .50 .60 .36 .24
IGRILION 1088 «vuvvurernnsanens 4,23 6.98 4,90 5.20 4.48 4.33 6.20 5.85 8.62 6.82 5.80 5.90
Total..... ereeraaaees 99.26 97.90 98.21 | 10179 | 101.94 99,61 97.64 | 100.46 96,78 99, 74 97,01 96.02

Class cosuvssoasanaasnnsonnen 52,34,3 417,35,8 47,44,3 | 44,49,3 38,58,0 59,32,3 53,35,5 | 57,32,6 417,37,10{ 44,45,6 32,58,2 26, 64,1

134 135 136 137 138 139 140 141 142 143 144 *145
33B45-80 | 33B45-81 | 33B45-15 | 33B45-16 | 33B45-49 | 33B45-50 | 33B45-51 | 33B45-52 | 33B45-53 | 33B45-54 | 33B45-55 | 33B45-143

Si0zueeressnnncantannnnnan .. 68,06 69,41 63.24 63,10 69,56 67.23 67,89 68,09 66.61 68. 74 71,53 67,05
14,15 12,98 17.49 18,18 13.30 14,25 13,175 13.67 12,92 15,81 10, 74 11,78

4.76 5.09 4,87 4.87 4,87 5.34 5.46 5.57 4,79 4,84 4,717 4,89

.91 .91 PETITN 1,80 1,80 1,80 1.80 1.80 1,71 1.1 1,71

.53 .53 crenen 1.68 1.68 1.68 1.68 1,68 1,10 1.10 1.10

NagO ovnriinneenronnrnnenens 1.84 1.84 [N . 1.46 1.46 1.46 1.46 1,46 2.55 2.55 2,55
K20 vevuininnneniiecinnnanes 2.34 2.34 ceenns PERI 1.18 1,18 1,18 1,18 1,18 1,01 1.01 1,01
H,O-, at 106°C t.vvvvvnnnnss 2,99 2.99 PETRON FRTPINN ceesen cisene TP cessas
TiOzeeeeeirsnessancensnnenes .68 .92 .70 .75 .68 .63 .52 .55 .71 .75 .70 .66
Ignition 108S o vunvsennnsevenns 4.08 3.74 8,84 9.14 1,69 8.06 6.28 5.86 5.46 4.72 4,50 4.36
TOtaleeseeeonannenananas 100, 3¢ 100. 75 95. 14 96.04 102.22 101.63 100, 02 99,86 96. 61 101.23 98,61 95,11
Class soivcernnorovenasnnanan 38, 56,0 41,53,0 217,68,0 25,70,0 | 41,52,6 36,56, 7 37,54,3 38,55,2 38,50,2 | 35,59,0 47,44,1 41,47,0

146 147 148 149 150 151 152 153 154 155 156 157
33B45-56 | 33B45-57 | 33B45-58 | 33B45-59 | 33B45-60 | 33B45-61 | 33B45-62 | 33B45-63 | 33B45-64 | 33B45-65 | 33B45-66 | 33B45-67

Si02ec0nssvnncsneseacsancsns 69.59 66,24 68,85 75.46 4. 46 73.33 69.32 69. 69 67.86 72,92 69. 57 78, 45
AlyO5... taresenees 11.61 11,98 12,49 10.91 9.94 11.09 10.80 10.38 14,01 9.75 12, 56 9,80
Fez03.0ieeeiasainnncanannnes 4. 63 4,76 5.56 4,53 4,41 4,40 4,83 4,40 5.23 5.34 5.20 3.7
MEO. s ieseesiecettnncnnnenns 1.7 1,71 1,71 1,66 1,66 1,66 1,66 1,66 1,66 1,10 1,10 1,10
Ca0.eeiereintacetsatnannnns 1,10 1.10 1,10 1,22 1.22 1,22 1.22 1,22 1,22 12 .12 .72
1 O 2,55 2,55 2,55 2.56 2.56 2,56 2,56 2.56 2.56 2,33 2,33 2.33
KzOtennnsasonssennanansns 1,01 i.01 1,01 1.37 1,37 1.37 1.37 1,37 1,37 1,38 1,38 1,38
TiOgeeevsesersorcosononcnnes .71 .63 .57 .58 .52 .47 .65 .13 .56 .14 .66 .51
Ignition 1088 v seevrvrvnenenaan 4,86 6.26 4.52 4,04 3.62 3.46 4,50 4.80 4.48 4,52 7.16 4,04
Total.eseurenuoavsnnnson 97.77 96,24 98,36 102,33 99. 76 99. 56 96, 91 96,81 98.95 98, 80 100, 68 102,04
Class sovonnnnnsns sesessienae 44, 46,2 40,47, 4 41,51,0 | 51,44,0 52,40,0 49,44, 0 45,44,1 46,42,2 317,54,0 50,42,2 | 41,51,4 57,38,1

! Not incinded in total.
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96-157, Stark County. Oligocene, White River formation, Town of South Heart,
Little Badlands area. Clay. Trench samples., Uncombined silica p
Alumina content of clay beds given, Index maps. Generalized stratigraphic

table,

96-112, Sec. T, T.137N., R, 97 W. (Clarke, 1948, p, 19, 20, 6, 23,
30, figs. 1, 6.) Tests of water-softening properties,

96.

97,

98,

99,
100,
101,
102,
103,
104,
105.
106,
107.
108,
109,
110,
111,
112,

Trench 80, Lab,
Trench 80, Lab,
Trench 80, Lab,
Trench 80, Lab,
Trench 80, Lab,
Trench 81, Lab,
Trench 81, Lab,
Trench 81, Lab,
Trench 82, Lab,
Trench 82, Lab,
Trench 82, Lab,
Trench 82, Lab,
Trench 82, Lab,
Treach 82, Lab,
Trench 83, Lab,
Trench 83, Lab,
Trench 83, Lab,

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No,
No.
No.
No,
No.

235,
236,
2317,
238,
239,
240,
241,

251,
252,

113-119, Sec, 7, T, 13TN., R, 97T W, (Clarke, 1948, p, 20, 6, 23, 30,
figs, 1, 6,) Tests of water-softening properties,

113,
114,
115,
116,
117,
118,
119,

Trench 83, Lab,
Trench 83, Lab,
Trench 84, Lab.
Trench 84, Lab,
Trench 84, Lab,
Trench 84, Lab,
Trench 84, Lab,

No,
No,
No.
No,
No.
No,
No.

253,
253A.

120, Sec, 14, T. 138 N,, R, 98 W, Trench 53, Lab, No, 13,
(Clarke, 1948, p, 14, 6, 23, figs, 1, 6.) Clay.

121, sec, 17, T, 138 N., R, 98 W,

Trench 51, Lab, No, 141,

(Clarke, 1948, p, 17, 6, 23, 26, 30, figs. 1, 6,) Clay.
Tests for foundry sand binder, water-softening properties,
Possible use: Foundry sand binder, bleaching clay, water softener.

122-126, Sec, 20, T. 138 N,, R, 98 W, (Clarke, 1948, p, 17, 6, 23,
26, 30, figs. 1, 6.) Tests for foundry sand binder, water=softening
properties, Possible use: Foundry sand binder, bleaching clay,
water softener.

Trench 37. Lab, No, 130, (Analysis suggests 6.9 percent more

CaO and MgO than required for carb 5 shows 2,9 p

alkalies,) (Probably bentonite) reported as clay,

*122,

123,
124,
125,
126,

Trench 37, Lab, No, 131,

Trench 52, Lab, No, 143,

Trench 52, Lab. No., 144,

Trench 52, Lab, No, 145,

127-135, Sec, 21, T. 138 N,, R, 98 W, (Clarke, 1948, p. 11, 6, 10, 23,
26, 30, figs, 1, 6.) Tests for foundry sand binder, water-softening

North Dakota-~Continued
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properties. Possible use: Foundry sand binder, bleaching clay, water
softener,

127,
128,
129,
130,
131,
132,
133,
134,
135,

Trench 38,
Trench 38,
Trench 39,
Trench 39,
Trench 39,
Trench 50,
Trench 50.
Trench 50,
Trench 50,

Lab,
Lab,
Lab,
Lab,
Lab,
Lab,
Lab,
Lab,
Lab,

No.
No,
No.
No.
No.
No.
No.
No.
No.

137, Detailed measured section,
139, Detailed measured section,
1486,
147,
148,
132,
133,
134,
1386,

136-137, Sec. 22, T. 138 N,, R, 98 W. Trench 31. (Clarke, 1948,

p. 14, 6, 23, figs, 1,6.)

136,
137,

Lab, No. 19,

Lab, No, 21,

138-157. Sec. 22, T. 138 N., R. 98 W, (Clarke, 1948, p, 18, 6, 23,

26, 30, figs, 1, 6.) Tests for foundry sand binder, water-softening

properties. Possible uses Foundry sand binder, bleaching clay,
water softener.,

138,
139,
140,
141,
142,
143,
144,

*145,

146,
1417,
148,
149,
150,
151,
152,
153,
154,
155,
156,
157,

Trench 45,
Trench 45,
Trench 45,
Trench 45,
Trench 45,
Trench 46,
Trench 46,

Trench 46,

alkalies; suggests 3. 0 percent more CaO and MgO than re~

Lab,
Lab,
Lab.
Lab,
Lab,
Lab,
Lab.

Lab,

No.
No.
No.
No.
No,
No.
No.

No.

178,
179.
180,
182,
183,
184,
185,

187. (Analysis shows 3,6 percent

quired for carbonates, ) (Probably bentonite) reported as clay.

Trench 46,
Trench 46,
Trench 46,
Treach 47,
Treach 47,
Trench 47,
Trench 47.
Trench 47.
Trench 47,
Trench 48.
Trench 48,
Trench 48,

Lab,
Lab.
Lab,
Lab,
Lab,
Lab,
Lab.
Lab.
Lab,
Lab,
Lab,
Lab,

No.
No.
No.
No.
No.

No.
No.
No.
No.
No.
No,
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CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

TABLE 5.— Analyses of samples from North Dakota containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater than carbonates

(Group B) common and mixed rock categories--Continued

North Dakota
158 159 160 161 162 163 164 165 166 167 168
33B45-68 | 33B45-69 | 33B45-70 | 33B45-71] 33B45-72 | 33B45-73 | 33B45-74| 33B45-75| 33B45-76 | 33B45-77 | 33B45-144
S10pasunnnsvanarererraseannans P 73.13 7175 73,43 66.41 70,41 72.16 68,43 70. 92 68.33 73.69 63.70
AlOg.uuunriiieisseseenenns i, 6. 69 6.75 12,60 14,51 11,02 9.45 10. 40 11,82 10,16 6.84 11.82
FE0guuunnerserernennennenenns ereveaens 4,41 5,23 4,27 4,50 4,62 4,39 4.67 4.7 5.57 5.34 5,83
Mgo...... e 1.10 1,10 1.18 1.18 1.18 1,18 1,18 1,18 1.18 1,18
Lo T e .72 .12 .66 .66 .66 .66 .66 .66 .66 .66
N2pO suinerneneeeanneceenens B T - 2,33 2.87 2.87 2.81 2.87 2.87 2,87 2,87 2.87
KO .. 1,38 1,38 1.12 1.12 1.12 1,12 1,12 1,12 1,12 1,12
TiGpesvs-s .47 .52 .62 .69 .68 .62 .73 .70 .59 .49 .60
IZOITION 1085 «vvuunnannrereonensnenesenns 7.84 6.80 4.60 4.88 4.80 5.24 6.14 4.68 7.24 6.26 18, 00
TOtaleeerrnnrnraneansannn, ceeveneend | 98.07 96. 58 101,35 96.82 97.36 97.69 96.20 98. 66 97.72 98. 45 99.95
Class uuevarnnnnunnnnnsssnsenasnnasaseens | 56,34,4 | 54,35,4 | 46,48,1 | 36,54,0 | 46,44,2 | 51,39,4 | 45,43,4 | 45,47,1 | 44,45,4 | 56,35,4 | 36,63,0
169 170 171 172 173 174 175 176 177 178
33B45-88 | 33B45-89 | 33B45-87| 33B45-33 | 33B45-34 | 33B45-35| 33B45-36] 33B45-37 | 33B45-38 | 33B45-39
F3 70— i 68. 60 68.70 67.60 64.73 71,16 70,50 71.81 69. 80 67,40
. P o I E'PS 14,15 15,50 10. 62 12.34 9.77 12.35 8.34 10,70 11, 56
FE30g.uunoeereeseescneennennns e, 3.60 5.30 3,53 4.61 5,43 4.57 4.61 4,83 4,96 5,09
MEO. . eeieeneireinaranasanennnnnans 1.83 1.83 1,83 1.83 1.83 1.90 1.90
3.72 3,72 3,172 3.72 3,72 3.86 3,86
A P 1.59 1.59 1.59 1.59 1.59 1.74 1.74
e 1.23 1,23 1,23 1.23 1.23 1.28 1.28
.50 .65 .60 .1 .82 .54 .64 .52 .63 .76
TZOItON 10SS v eereenusarnnunnenresesssesroneanenns 5,80 6.60 6. 90 6,30 7.86 6. 68 5,50 6.26 5.10 7.24
Totalesessnnnnsneenss R 1 95, 30 95,23 98.21 99, 55 101,09 101,97 | 100.13 99,97 100,83
ClAS5 s eviveenreenensnnnensnssannnsesssossssansesss | 41,53,0 | 38,57,0 | 37,57,0 | 44,43,5 | 37,50,7 | 49,40,7 | 43,48,3 { 52,37,6 | 45,44,3 | 41,47,7
179 *180 181 182 *183 184 185 *186 187 188
33B45-40 [ 33p45-140 | 33B45-41 | 33B45-42 | 33845-141] 33B45-43 | 33B45-44 | 33B45-142| 33B45-45| 33B45-46
Si0zuruuunnreresireresessnansesnssssssssnasesasaas | 70,02 66, 01 68.31 68,82 65. 59 69.12 67.18 66. 76 68. 61 66, 51
AlOgaeuenninesesnranannn R I L 12,36 11.20 10, 89 13,04 12. 80 9.84 13,69 13,56 12,47
3 4.84 4,39 4.27 4,72 4,62 4.84 4.96 3.26 4.7 4.64
1.90 1,82 1,82 1.82 1,82 1.76 1,76 1,76 1.76 1.77
3,86 2.19 2.19 2.19 2.19 1.80 1,80 1.80 1,80 3.02
1.74 2,41 2,41 2,41 2.41 2.36 2.36 2.36 2,36 1.79
1,28 1,26 1,26 1.26 1,26 1,12 1.12 1.12 1,12 1,24
TiOge e vvnrannnnnsssoriecsesosassasssnnssnsnsissses .63 .54 .65 .67 .63 .62 .60 .67 .64 .78
IGNITION 1085 4 evvrusuunereresinannnsnnnsnssesossnss 5.92 4.986 6.92 1.74 5.44 5.24 6.56 4,94 5.36 5.94
TOtAl.vveunnersreessesesasssnssnnsnssasenaaaes | 101,10 95,94 99. 03 100, 52 97.00 99.66 | '96.18 96. 36 99. 92 98.16
ClaSS tuvvvrnnennnsesnnnnsencassesssasssecnsacanass | 45,44,4 | 39,48,2 | 44,44,6 | 44,44,8 | 87,50,2 | 41,50,2 | 44,41,6 | 39,49,1 | 39,52,2 | 39,49,4
189 190 191 192 193 194 195 196 197 198
33B45-47 | 33B45-48 | 33B45-18 | 33B45-19 | 33B45-20| 33B45-21| 33B45-22 | 33B45-23 | 33B45-24 | 33B45-25
Si0peuieriesesenncnnns 65, 59 66,45 62.35 64,59 67.72 66.14 71,22 66,23 69. 59 67.43
o I N [ 11,67 11,43 12,42 11,60 6.75 6.22 12,87 11,07 11.89
O & 4.74 5.11 5,32 4.61 4.73 4.04 "5,46 5,20 4,57 4,84
o 1.77 1,77 2.28 2.01 2.01 2,01 1.97 1.97 2.18 2,18
[oPY o T 3.02 3.02 4,89 1.65 1.65 1.65 141 1.41 1.63 1.63
N2;0.... 1,79 1,79 1,43 1.96 1.96 1.96 1,67 1. 67 1.81 1,31
KO.... 1,24 1.24 1,50 1,38 1.38 1,38 1.12 1.12 1.35 1,35
TiC,. .60 .61 .63, .53 .67 .46 .62 .62 .67 .65
IgRItion 1088 4 vuvueriinnnnniesieeenenassnennsananes 5,78 6.16 9.22 7,96 7.04 14,27 8.10 7.02 7.20 6.40
TOtAlasnreiireiresoraserneannnnsnsnnnnnenes | 99.29 97.82 99.05 97,11 98,76 98.66 97.19 98.11 | 299,57 97.68
ClaSS suuiieineeennacaressnsnsasansnccassasnnonaaes | 34,56,2 | 40,47,4 | 36,47,11) 37,49,7 | 42,46,6 | 50,38,7 | 54,84,7 | 38,51,5 | 45,44,7 | 41,47,5
199 200 201 202 203 204 205 206 207 208
33B45-26 | 33B45-17| 33B45-90 | 33B45-91 | 33B45-92 | 33B45-93 | 33B45-94| 33B45-95| 33B45-96 | 33B50-1
69.14 69. 99 66. 60 70,55 66. 53 66.89 69.13 69.20 65. 98 75.31
10.47 8,22 16.83 16, 42 18.35 18,12 17.78 16. 00 17.15 11.25
3,20 5,23 4.58 4.41 4,23 4.41 4.4 3.33 3.75
2,18 2.13 3.15
1,63 1,56 2,98
TiOgeeeeeernnenn .66 .52 .70 .65 .65 .65 .60
] cerees .58
IGNITION 1088 o uvvunaeeessnnssnnencesssosssnssaneanns 5.88 6,84 6.71 6.65 5,44 5.84 5,20 6.20 5.68
TOtAlievnnnnusissiossssreseansnnssnnessassanss | 95,82 97.24 95,42 98. 68 95,20 95,91 97,17 95, 33 95. 06 97,08
CLaSS s vuveennnnnnsnnsnsnssanencncocanassnsnseeanes | 47,39,56 | 50,37,7 | 32,63,0 | 37,61,0 | 29,650 | 30,650 | 33,64,0| 37,580} 30,650 | 51,42,0

! 96,81 in text,

2 98,57 in text.
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158-199. Stark County, Oligocene, White River formation. Near town of South Heart,
Little Badlands area. Clay. Trench samples. Uncombined silica present,
Alumina content of clay beds. Index maps. Generalized stratigraphic table.

158-167, Sec., 22, T. 138 N., R. 98 W. (Clarke, 1948, p, 19, 6, 23,
26, 30, figs. 1, 6.) Tests for foundry sand binder; water-softening
properties, Possible use: Foundry sand binder, bleaching clay,
water softener.

158. Trench 48.

Trench 48,

Trench 49,

Lab.
Lab.
Lab.

No. 203,
159,
160,
161,
162,

163.

No. 204,
205.
208,

201,

No.

Trench 49, Lab. No,

Trench 49, Lab,
Lab.
Lab.

Lab,

No.
Trench 49.
Trench 49,
Trench 49.

No. 208,
164,
165,
166,

161,

No.
No.

Trench 49, Lab. No.

Trench 49. Lab. No.

168-170. Sec. 22, T. 138 N., R. 98 W, (Clarke, 1948, p. 21, 6, 23,
26, 30, figs. 1, 6.) Tests for foundry sand binder; water-sctening
properties. Possible use: Bleaching clay.

168. Trench 55. Lab. No, 316,

169. Trench §7. Lab. No. 326,

170, Trench 62. Lab. No. 343,

171, Sec. 23, T. 138 N., R. 98 W. Trench 54, Lab. No. 310. (Clarke,
1948, p. 21, 6, 23, 26, 30, figs. 1, 6.) Tests for foundry sand
binder; water-softening properties. Possible use: Foundry sand

binder, water softener.

172-1717, Sec. 28, T. 138 N., R. 98 W, (Clarke, 1948, p, 117, 6, 23,
28, 30, figs 1, 6.) Tests for foundry sand binder; water-softening
properties. Possible use: Foundry sand binder, bleaching clay,
water softener.

200,

172. Trench 40. Lab. No,

201-207,

173. Trench 40.
Trench 40.

Trench 40,

Lab. No.
174, Lab, No,
175.

176,

Lab. No.

Trench 40, Lab. No,

171.

178-190, Sec, 28, T. 138 N., R. 98 W. (Clarke, 1948, p. 18, 6, 23,
26, 30, figs, 1, 6.) Tests for foundry sand binder; water-softening
properties. Possible use; Foundry sand binder, bleaching clay,
water softener,

Trench 41. Lab. No,

178. Trench 41, Lab. No. 161.

179. Trench 41. Lab. No. 162.

*180. Trench 42. Lab. No. 164. (Analysis shows 3.7 percent
alkalies; suggests 3, 2 percent more CaQ and MgO than

required for carbonates. ) (Probably bentonite)reported as clay.

208,

181, Trench 42, Lab. No, 165.

182. Trench 42. Lab. No, 166,

North Dakota--Continued

*183, Trench 42, Lab. No. 167. (Analysis shows 3.7 percent

alkalies; suggests 2. 9 percent more CaO and MgO than
required for carbonates, ) (Probably bentonite)reported as clay.

184,
185,
*186.

Trench 42, Lab. No. 169,
Trench 43, Lab. No. 170,

Trench 43. Lab. No, 171, (Analysis shows 3.5 percent
alkalies; suggests 2. 8 percent more CaO and MgO than
required for carbonates. ) (Probably bentonite)reported as clay.

Lab, No, 173,
Lab. No. 174,

187, Trench 43,

188, Trench 44,
17s.
190. Trench 44, 176.

191-199, Sec. 29, T. 138 N., R, 98 W. (Clarke, 1948, p. 17, 6, 23,
26, 30, figs. 1, 6.) Tests for foundry sand binder; water-softening
properties. Possible use: Foundry sand binder, bleaching clay,
water softener.

189. Trench 44, Lab, No.

Lab. No.

191, Trench 33. Lab. No, 116,

192, Trench 34. Lab. No, 120,

193, Trench 34. Lab. No,
194,
195.
196.

197,

Trench 34. Lab. No.

Trench 35. Lab, No.

Trench 35, Lab. No.
1217,

128,

Trench 36, Lab, No,

198, Trench 36, Lab, No,

199. Trench 36. Lab. No. 129,

Stark County. White River formation. Sec. 30, T. 138 N., R. 98 W.,

near South Heart. Trench 32. Lab. No. 114, (Clarke, 1948, p. 11, 6, 11,
23, 26, 30, figs. 1, 6,) Clay. Trench sample. Uncombined silica present.
Alumina content of clay beds. Index maps. Generalized stratigraphic

table. Tests for foundry sand binder; water-softening properties. Possible
use: Foundry sand binder, bleaching clay, water softener.

Stark Gounty. White River formation. Sec. 32, T. 139 N., R. 97 W., near
South Heart, (Clarke, 1948, p. 22, 6, 12, 23, 25-30, figs. 1, 6.) Clay.
Trench samples. Uncombined silica present. Alumina content of clay beds.
Index maps. Generalized stratigraphic table. Tests for foundry sand binder;

water -softening properties. Possible use: Foundry sand binder, water-softener.
201, No. 367, Detailed measured section.

202,

Trench 68, Lab.

Trench 70. Lab, No. 376.

203, Trench 70, Lab, No, 377.

204. Trench 71. Lab, No. 379.

205, Trench 73. Lab. No. 386.

206. Trench 73. Lab, No. 387.

207, Trench 75, Lab, No. 365. Detailed measured section.

Walsh County. Upper Cretaceous, Pierre shale. (S} sec. 2, T. 157 N.,
R. 57 W.) south branch of Park River. Analyst, Melsted. (Barry and
Melsted, 1908, p, 180, 181,) Shale, weathered, stained yellow along
seams. Small amount of sand. Detailed measured section. Possible use:
Cement material,
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TABLE 6.~ Analyses of samples from South Dakota and Wyoming containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each greater

than carbonates (Group B) common and mixed rock categories

[samples of mixed rock category indicated by an asterisk (*) . Chemical analyses arranged by State, county, and stratigraphic position]

South Dakota
i *2 3 4 5 6 7 8 9 10 *11 12 13

40B8-2 | 40B3-1 | 40B10-2 | 40B10-3 | 40B17-4 | 40B17-6 | 40B17-3 | 40B17-5 | 40B17-1 | 40B17-2 | 40B17-7 | 4021-1 | 40B21-2

68,28 | 64,02 | 65.64 | 79.48 | 67.00 | 60,16 | 58,72 | 68.23 | 55,45 | 57.00 | 164,47 | 62,20 | 63,62

13,81 14.20 | 18.30 | 13.68 5.00 | 10,38 | 16,90 | 14,93 | 18,58 | 17,368 | 14,74 | 19.28 | 20,94

ceaenn | aveeen 96 | 12,00 | seeere | weeere | eewens | eeesen | ceenes 2,73 4,10 2.20

23,94 | 24,98 ceevee | eeess. | 814,868 | 400 | 33,15 3.82 2,632 .18 coeree | enens

1.82 2.14 .30 P 1714 | 2.56 .875 | 8.50 3,027 .29 2.3¢ 1.76

1,38 1,5¢ .30 ceeees 4,96 4,06 2,93 3.40 3.00 4,00 1,26 .66

veerne [ veaenn ceeees cvonns 2,55 ceenne | enenne

e e } 21 R A EE { 3.31 ceeren | eenens

e cneres 4.78 vevees | enene

P crerns { 2,30 45,35 | 45,85 { .93 2,20 122

ceeees ceesnn ceenes veeene cesean .78 cesene

cosses cerene ceenee cseess .29 cerens N

.22 .18 ceeens ceenen .16 .24

803 ceueannnn .17 .03 ceennn TP ITTOVOUR P .02 .08
Seernareannns crevne | eenene coevee | veens P RN N Tr. cnnane
BaO .eseveees conens ceeeee cerens coones .13 ceeeas
Ignition 1088 «...... 5.85 4.38 7,20 8.10 8.80 9.50 ceeeee | 599 6.85

Total seeeceens
Class seveceserscoe

98.55
27,70,0

99,73
54,44,0

99.28
25,67,2

98.75
29,53,8

98.90
23,57,13

. 98,38

26,54,12

99.76
35,52,1

97.55
23,70,0

97.57
24,70,2

15

16

*17

18

19

*20

22

*23

24

25

40B24-3

40B32-1

40B41-1

40B41-2

40B43-1

40B43-2

40B43-5

40B43-3

40B43-8

40B43~17

Si0gesecsccssesess
AlzOg sevasvrncease
Fea03evannceccocen
FeO veenvessecanse
MgOicseeesonsanss
Caleeenves

KO sevonnee
HpO4F cevveccocnanse
HzO0" coeesescosess

MNOsicenoasesenesne
COz savsevacsnsses
SO sesescccconasse
BaO..

Clisiesseasncesnse

Ignition 1088 «sseese

Totalecosesnae

54,75
20,74
2,70
4,20
1,00
.6

eseene

16,48

62,04
15,94
2.76
2,96
2,56
1,36
2,64

cessae

1,51

67.23
16,10
2.33
.38
.74
.13
.19
9.84
1.78
.56
.60

vesses

vesase

58,32
8.59
2,04

.18
3.65
8.45

.72
2,71
1,40

.52

.48

.05

.07

12,08

.43
None

T Tr,

58.9
15,2

esacan

22.3

61,30
16,91
24,10
2,57
1,90

sesees

seesee

sevese
cesces
seesne

cssess

7.33

21,03

7.87

63.66
15,93
24,04
2,40
1,74
2,90

7.23

62,22
15,26
24,98
2,30
1,94
21,46

vessee

7.68

66,36
15,18
24,14
2.08
1.26
v :;;3.

sessee

6,94

64.62
16,40
24,35
2.12
1,42
2 .86

cessce

6.38

eseses

eseses

16,32

100,63
15,74,11

99.69
41,30,24

96.9
32,49,10

95,08
31,51,6

95,42
36,46,8

95,90
36,48,7

95,84
35,46,8

96.44
40,46,6

96,15
36,50,5

95,54
27,38, 14

27

28

*30

31

32

33

34

35

36

37

38

39

40B43~11

40B43~-10

40B43-6

40B52-2

40B52-3

40B52-4

40B52-5

40B52=6

40B52=17

40B52-19

40B52-8

40B52-9

SiOgasassaces

MgO.eesennesncnen

CaO,.

2 P10
HzO= cvvevncencnes
TiOg seseesesesoces
P2O5eccsaacraassen

SO3 seercsascracen

Ignition 1088 .u.....

Total ceenssnns
Class sevesnsesanse

69.76
13.81
23,73
1.65
1,13

68,46
13,54
24,14
1,74
1,26

secess

64,06
12,64
24,86
1,81
2,55

eccsee

seseae

70,78
16,73
2,78

cseens

.90
.21

74,22
16,38
1,95
Tr.
.40

2,58

76.78
14,43

81,98
13,08
.21
.31
1,46

Tr.

83.30
12,30
.80
Tr.
1.30

sesses

84,42
9.41
1.07

.39
Tr.

63.59
20.309
2,952
.612

.52

1,402

$ 58,74
18,97
$3.87
1,62
.98

.58
1.49

61,12
19,40
5.66
1,93
1.34

sscsse

B P A e } 6.71 447 | eveer | vevene | eeeenn | 3,42 3.80 | ...
PP U RPTUSTEN EUROUR RNPOUTPUE INPOUPUOR EOTOURS EPUCTOR VRN IR .
RPN PUTOUR EPRUORR I SOURURS EPRUORN POCUOTEN U ARPOTOUREN PUOURONE B o
t,28 2,66 t39 | 121 S N IRrTUToe ETOOR ROV ORI Tr.
B N R TR, JOURPOR IO PO RN RPN I B 41 e
5.48 5.88 5.82 8.05 veeeee | 4.62 407 | siveee| aeeee.| 668 | 1193 9.93
95,84 95,68 95,93 95,18 98,11 160,00 99,14 [°101,11 97,70 98.71 99,82 8100,49 99.82

45,42,4

45,41,5

43,43,5

42,39,8

38,59,2

43,54,0

51,44,2

59,40,2

61,38,0

67,32,1

28,66, 2

21,71,3

20,73,6

See following page for footnotes.



COLORADO, KANSAS, MONTANA, NEBRASKA,

NORTH DAKOTA, SOUTH DAKOTA, WYOMING

Spectrographic analysis of sample 20

Ca0uuueeeereeereeneeeeeees] 001 || TiOpererreeerennnnns]

0.02-0.2 || VeOservrerrvunnnne

0.008-0.03 || MO .eevverrrrervnanannend] 0,01

! 5i0,, 54.47 percent; total, 89,76 reported
by Connolly and O'Harra (1929, p.336).
% Calculated from reported Fe, Mn, or P.
% Reported as Fe;0p by Vaughan (1902, p. 933).
(Used as Fe;Oq in calculations and classification.)
* Reported as volatiles,
5 Reported as MngO, .

1-2

.

3-4

o
.

o
.

7-10,

12,

14-15,

16,

*17.

18,

19,

DESCRIPTIVE NOTES

s Reported as S,

7 Reported as strong trace,

8 8i0,, 58.47 percent; Fe,0q, 3.89 percent; total, 100,24
reported by O°'Harra and others (1908, p.40).

? Not included in total,

10100.86 in text.

199,40 in text,

LFirst page number in reference indicates source of analysis]

South Dakota

Brule County, Upper Cretaceous, Pierre shale, Sully member, Agency-
Oacoma zone. Sec, 19, T, 105 N., R, 70 W, (Pesonen and others, 1949,
p.49,41, 42, 87, figs.1, 2, 12, 15, 18,) Shale, from wall of DH=143, Esti-
mated tonnage. Overburden. Index and outcrop maps; generalized stratigraphic
table, correlated columnar sections. Calculated mineral analyses.
1. Lab, No, $23. Depth about 59 ft 11 in,
*2. Lab, No. §21. (Analysis suggests 4,98 percent FeO, 1,25 percent
MnO.) Depth about 59 ft 5 in.
Butte County. Lower Cretaceous, Fuson shale. (T.8 N., R.2 E.), 3 miles
south of town of Belle Fourche. Analyst, Bentley. (Connolly and O°'Harra,
1929, p. 308, 307,) Use: Brick.
3. Clay, grab sample of ground clay at brick plant.
4. Clay, dark=gray; 2 ft bed.
Custer County. Lower Oligocene, Chadron formation (A. F, Agnew, written
communication, 1957). (T.4 S., R. 8 E,) town of Faitburn, Analyst,
Bodenner. (Vaughan, 1902, p, 933,) Fuller's earth,
Custer County. (Chadron formation.) Fairbum. Analyst, Flinterman. (Ries,
1898, p.335; Vaughan, 1902, p. 933.) Fuller's earth, Possible uses
Clarifying oil,
Custer County, (Chadron formation.) (Ries, 1898, p.335.) (Analyses re-
ported in the following publications: Vaughan, 1902, p. 933; Great Britain,
Imp. Min. Res. Bur., 1920, p. 11; O'Harra, 1920, p. 62; Connolly and
O'Harra, 1929, p. 317, Minor discrepancies occur in naming of constituents
and in their amounts when more than one version of the analysis is found in the
literature.) Fuller's earth. Possible use: Clarifying oil.
7. Southeast of Fairburn. Analyst, Riederer,
8. Bodenner's pit, north of Fairburn. Analyst, Flinterman.
9. (T.6S8., R.4E.) town of Argyle. Analyst, Flinterman.
10, Argyle. Analyst, Flinterman.
Custer County. (Chadron formation. T.6S., R,4E,) 3 miles west of Argyle,
Analyst, Steiger. Lab. No. 1875, (Darton, 1901, p. 544; Cornolly and O'Harra,
1929, p.336,333,335.) (Analysis shows 5.9 percent alkalies; suggests 4,0 per=-
cent more CaO than required for carbonate.) Volcanic ash, 3 ft thick; esti-
mated tonnage, Possible use: Abrasive soaps, polishing and abrasive powders,
Dewey County, Upper Cretaceous, Hell Creek formation, T. 17 N., R. 22 E.,
(Searight, 1930, p, 26, 33) town of Isabel, Robbins mine, Analyst, Bentley.
(Connolly and O'Harra, 1929, p.312.) Clay, associated with lignite beds.
Dewey County. Probably Hell Creek formation (E. P. Rothrock, written com=
munication, 1955). (T. 17 N., R. 23 E.), Wamer mine. Analyst, Bentley,
(Connolly and O'Harra, 1929, p. 312,) Clay, associated with lignite beds,
Fall River County, Pierre shale, Ardmore bed, SE} sec.32, T.9S., R.6 E.
Analyst, Frary. (Spivey, 1940, p. 51, 31, 32, §2, pls, 1, 4, 5,) Base exchange
capacity. Index maps, outcrop map; measured section, generalized columnar
section, detailed columnar section; structural cross section,
14, Lab, No. 1. Bentonite, dark bluish~-gray; pH 8.1.
15, Lab. No. 2. Bentonite, light-yellow; pH 4.2,
Harding County. Upper Cretaceous, Lance formation, Ludlow lignitic
member. SE} sec, 22, T.19 N., R, 8 E., (Searight, 1930, p. 29) Hodge
mine. Analyst, Bentley. (Connolly and O’Harra, 1929, p. 312.) Clay,
associated with lignite beds.
Lawrence County. Upper Cambrian, Deadwood formation. (T. 5 N., R. 2E.)
near town of Trojan, Mogul mine. Analyst, Ellestad. (Schwartz, 1985,
P.528.) (Analysis shows 10,0 percent alkalies,) Shale, light-gray;
unaltered, Analysis of silicified shale also given. Bulk density, 2.553;
porosity, 1.4 percent.
Lawrence County. Triassic(?), Spearfish formation, (T.6 N,, R, 2 E.) east
of town of Spearfish. Analyst, Steiger. Lab. No. 55, (Richardson, 1903,
p. 380, 367, 378.) Shale, red, sandy. Geologic map, measured section,
Photomicrographs. Average 1 composition.
Lyman County. Pierre shale, Sully member, Oacoma zone. T.104 N.,
R. 72 W., 8 miles west of town of Chamberlain, (Dupuy and others, 1946,

21-26,

27-29,

*30.

31-32,

33=35,

36,

37.

38-39,

South Dakota=-Continued

p. 13, 4, 12, figs, 1-3,) Bentonitic shale with manganese nodules, very compact,
fine-grained, Index and outcrop maps; generalized columnar section. Mineral=
ogy. (For related analyses see samples 10-23, group Mn of this compilation.)
Lyman County, Pierre shale, Sully member, Agency-Oacoma zone, Sec, 6,
T. 104 N., R, 71 W, Lab. No, §70a. (Pesonen and others, 1949, p. 49, 41,
42, 50, 817, figs.1, 2, 9, 15.) (Analysis suggests 4,10 percent FeO, 0,97 per-
cent MnO.) Shale, DH=104; depth 71 ft 2 in, Analysis of shale envelope

of concretion. Estimated tonnage. Overburden., Index and outcrop maps,
generalized stratigraphic table, Calculated mineral analysis.

Lyman County. Pierre shale, Sully member, Agency-Oacoma zone. {(Pesonen
and others, 1949, p. 49, 41, 42, 87, figs. 1, 2, 11, 15, 18,) Shale, Esti~
mated tonnage, Overburden, Index and outcrop maps, generalized strati-
graphic table. Calculated mineral analyses.

21-24, Sec, 34, T. 104 N., R, 72 W. Shale, DH-167, Correlated colum=

nar sections,

21, Lab. No. 529,
concretions,
Lab, No, §30,
concretions.
Lab, No. §27. (Analysis suggests 4.98 percent FeO, 1,46
percent MnO,) Depth 64 ft 3 in,, just above soft concretions,

24, Lab, No, 831, Depth63 it 8in,,7 inches above soft concretions,

25-26, Sec, 36, T. 104 N., R. 74 W, Shale, DH-190,

25, Lab, No. $66a. Depth 64 ft 5 in, Analysis of shale envelope

of soft concretion.

%26, Lab, No. 875a, (Analysis suggests 11,4 percent MnO, 4,51
percent FeO,) Depth 57 ft 10 in.to 60 ft 5 in. Analysis of
shale envelope of white concretion,

Lyman County, Pierre shale, Sully member, Agency~Oacoma zone, Sec. 26,
T, 104 N,, R. 74 W, (Pesonen and others, 1949, p, 50, 41, 42, 81, figs. 1,
2, 11, 15,) shale, light-gray, compact; DH~193, Estimated tonnage, Over-
burden. Index and outcrop maps, generalized stratigraphic table, Calculated
mineral analyses,

27, Lab. No, $95. Depth 44.4-46,17 ft.

28, Lab, No, $94. Depth 36.8-38,8 ft.

29, Lab. No. $93. Depth 29,0-31,4 ft,

Lyman County, Pierre shale, Sully member, Verendrye zone, Sec, 36,

T, 104 N., R, 74 W, Lab, No, $64a, (Pesonen and others, 1949, p, 65, 41,
42, 87, figs. 1, 2, 11, 15,) (Analysis suggests 4. 86 percent FeO, 1.21 per-
cent MnO,) Shale, DH-191; depth 25-30 ft. Estimated tonnage, Overburden,
Index and outcrop maps, generalized stratigraphic table. Calculated mineral
analysis, (For another analysis from DH=191 see sample 25, group Mn of

this compilation, )

Pennington County. Fuson shale (A.F, Agnew, written communication, 195'7) .
(T, 1 N., R, 7E.), Rapid City, Rapid City Steam Brick Works,

81, (Ries, 1895, p, 572, 573.) Shale clay, Use: Terra cotta.

32, (Ries, 1895, p, 568, 569,) Shale, soft, Use: Brick.

Pennington County. Fuson shale. Rapid City. Analyst, Slagle, (Todd, 1902,
p. 104, 103,) Clay, light-gray, pact; hoidal fracture, Possible use:
Refractories.

Pennington County. Probably Fuson shale. Rapid City, Rapid City Steam Brick
Works, (Ries, 1895, p, 558, 559,) Fire clay, hard, Use: Refractories.
Pennington County. Upper Cretaceous, Benton shale. Rapid City. Analyst,
Smith, (Ries, 1897, p. 1164.) Clay.

Pennington County., Upper Cretaceous, Graneros shale, Near Rapid City.

38, Analyst, Coolbaugh, (O'Harra and others, 1908, p. 17.) Shale,
black, fine, fissile; 1 layers of sand near lower part of
bed. Use: Cement material,

Lab, No, 5. (O'Harra, 1924, p, 63, 64,) Shale. General remarks:
Black, fine, fissile; 150-300 ft thick. Possible uses Portland cement
material,

Depth about 64 ft 3 in,, just under soft
22, Depth about 64 ft 3 in,, same layer as soft

*23,

39,
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TABLE 6,— Analyses of samples from South Dakota and Wyoming containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each
greater than carbonates (Group B) common and mixed rock categories--Continued

South Dakota
40 41 42 43 44 45 46 47 48 49 50 51
40B52-10 | 40B52-11 | 40B52-12 | 40B52-13 | 40B52-14 | 40B52-16 | 40B52-17 | 40B52-18 | 40B52-52 | 40B67-~31 40B67-1 40B67-2
Si0zeuuesescsncancsanncncanes| 161,38 163,31 163,72 65,56 65,90 57,12 58, 06 60, 00 61,20 60.98 57.98
17,10 15,04 13,51 17,48 17.44 17.74 19,26 17.96 18,75 16, 84 18,26
4,48 4,20 7.36 5,10 5,24 4,39 3.20 4,57
4,95 4,88 2,96 cevses cereee .73 cesene
© Tr. Tr. Tr. 1.35 1.40 2.56 2.53 1,70 1,06 1,69 1.83
Cal.ieeasrnessocssarscsccanns .93 .24 Tr. .29 .49 1,94 .94 1,74 37 1,84 1,75
NagO tevecteesoracncocnncanes 1,59
HoO% eeuvnsessansnsccsrnavane Joe ceenes 2.73 { ceeees | 212,08
9.78 39.46 34,62 ceeees 5,14
.25 .75 .33 cersee .58 [
Nil Nil Tr. ceenns essnes cesvas vessen .09 ceeere
ceveee 4,86 .06
Tr. Nil Tr. .32 .43 .59 .99 None
teeece 5,02 1.26
IgNition 1088 seveeenseesenronee 5,48 6.14 14,76 2.70 610,97 10,50 10,63 9.30 4,72 77,53 83,09
Totalesessossncesancsanes 99.47 99, 82 299, 90 99,18 100, 85 98.67 97.51 98,34 100,10 97.22 97.75 1099, 92
ClasS serseesenavavasncsseases | 31,621 31,57,0 40,53, 0 30,66,3 30,66,4 117,71,9 18, 72,6 22,67,4 | 23,64, 3 28, 64,5 21,172,5 20, 66,17
Wyoming
52 53 *54 55 56 57 58 *59 60 *61 *62 *63

49B1-3 49B1-22 49B7-2 49811-2 49B11-3 | 49812-12 | 49B12-1 | 49B12-18 | 49B12-2 | 49812-49 | 49B12-19 | 49B12-50

InSOlUblE svveennnnccosansases | onnees teenes ceecne 72,2 [11(80.3) [H(74.7) [B(73.5) (M(62.7) [™M(44.0) [U(48,9)

59,78 63,60 67,10 cereee 69,28 61,56 61,56 55,29 39,08 44,45

15,10 14,66 10,26 9,72 10,1 9,8 9.7 4,2 5.6 3,0

2.40 T.44 2,52 1,7 3,1 4.6 3,1 3,4 2.7 2,6

24,14 .46 1,24 1.4 .87 3.0 .80 3.7 .64

.18 5,88 2,60 .64 4,96 9,1 16,32 12,7

.37 1,42 .35 .24 .17 .59 .45 .30

teeene 1.79 2,68 4,50 5,03 4,63 3,96 2,25 2,73

Hzm} } u3,45 w1092 | ua82 | us3a | g7 |migee
16,26 5,09

HyO"eeresescansncsoncrsanses 162,86 .15 1,58 .18 2,36 1,53 3,88

TIO) eveeesscnssscsssnseanes| seesss .50 .18 A1 .16 .45 .24 .40

PoO5 seveesanncsscasassssasse| oocase .00 .11 .67 44 .3 5,0 7.5 8.1

COgevennesossnssnscscasaacss| wovass 3,67 2,3 .3 6.1 .8 8.0 1,1

MO 4uiveerenneannossnsconose| canaes .0 .20

.06 .53 1,1 3.7 L5 3,1 2.8 4.5

7.0 .08 .19 .04 .36 .09 .35

cevens .25 .29 .19 L1 .91 .83

. 001 .001 .001 . 003 . 005 . 008

IgNition 1088 seseeascncasosncas | ocnseos 7.64 6,44 | M(6,5) [1(12.8) [H(10,7) ([M(11.5) |[H*(18,3) |1(19,6)

SUbOtal sevceersvocaseens| senses wsesss | 100,111 | 100,271 | 100,011 98, 523 99,945 | 100,21

Less O™, tivenerevnnsssennaces| oeesas 11 .12 .08 .32 .38 .35

TOtalesassnsessenconnsses | 998,41 100 20100, 33 100, 33 100, 28 92,9 100, 0 100,2 99,9 98,2 99,6 99,9

Class seeeoesssssnnnesssnnesss| 30,63,0 | 40,51,0 38,51,0 29, 66, 2 46,39, 8 (53,37)0 48,89,5 39,49,1 | 41,38,13 | 44,28,2 | 26,31,16 | 36,31,2

See following page for footnotes.
Semiquantitative spectrographic analyses
[ A=more than 10 percent; B=1-10 perceny; D=0, 1-1 percent; E=0,01-0, 1 percent; F=0,001-0, 01 percent; G= less than 0, 001 percent; ND=not detected. Li, Co, Ga,
As, Cd, Sb, Ta, W, Pt, Au, Hg, and Bi looked for in all samples except 57, but not detected. Sc, Co, Ge, As, Rb, Y, Cd, In, Sb, Cs, La, Ce, Nd, Ta, W, Re, Pt, Hg,
T1, Bi, and Th looked for in sample 57 but not detected]

57 58 59 60 61 62 63
Cevesctssassssiriecncsscenceans ND ND ND ND ND ND G
F E E E E 3 E
D ceeens
D creeee
A
B
8 D cesene cesene
Voiedeeteostsnasesossasennson E cesnes ceeses ceenese ceonen
E E E E D
E E F E E
3

E F E E E E

Ni tiseionseecnonnetnsonanosescrsrasnossesaasessasassacancossscosaasssssssssssases




COLORADO, KANSAS, MONTANA, NEBRASKA, NORTH DAKOTA, SOUTH DAKOTA, WYOMING

Semiquantitative spectrographic analyses--Continued

57 58 59 60 61 62 63 57 58 59 60 61 62 63
F G G G G G F Mo... ND F E E E E E
F ND ND ND E E E Ag covnes G G G G G G F
D E E E E F E ) R F ND ND ND ND ND ND
E E E E E E E Ba ... . F E E E E E E
Cb sveersonsoscansens ND E E E E E ND Pb ... E ND ND ND E ND E

! Reported as insoluble; insoluble mainly silica, but contains some iron,
aluminum, and titanium oxides,

2 Reported as water and organic,

% At 105° C.

4 Reported as MnO; .

¥ Not reported by O'Harra (1924, p. 63).

® Reported as 1,70 percent, 600° -1,000° C.; 9,27 percent, at 400° C.

7 Reported as volatiles.

® Reported as carbonic acid.

99.80 in text,

o Organic and undetermined, 0,08 percent,

40-44,

45-41,

&

49

50,

51

52,

DESCRIPTIVE NOTES

1 Not incinded in total,

1z Reported as oxide of manganese by Knight (1893, p. 193).

13 4,0+ above 110° C.; HyO- at 110° C.

¥ (Calculated by compilers; ignition loss less CO, and less HO=3
probably contains some F and S.)

1 By difference.

16 At 100°C.

17 peported as ppm, V05 reported as V.

1 (Calculated by compilers from F.)

19 98,51 (Darton and Siebenthal, 1909, p. 59).

20 Not included in total; Co, 10,0 ppm; Ni, 29.4 ppm; Se, 175,0 ppm.

CFirst page number in reference indicates source of analysis]

South Dakota-~Continued

Pennington County. Upper Cretaceous, Graneros shale. (T.1 N., R, 7E.)
near Rapid City,

40, Lab.No.12, (Waterman, 1927, p,168,166,169,170.) Shale, dark-
gray to nearly black; weathers and erodes easily, Analysis an average
of triplicate determinations, percentages on wet basis, chemical analysis
on moisture-free basis also given, Results of distillation assays for oil.
Kerogen present; also traces of zirconium, sodium, and potassium.

Use: Not enough oil present to be economically important.
Information as in sample 40, Lab, No, 11,
Information as in sample 40, Lab, No, 2,
Results of ignition also given.

Lab. No. 1. (O'Harra, 1924, p. 63, 64,) General remarks: Shale,
black; 400-500 fc thick, Possible use: Portland cemeat.

Rex brick plant, Analyst, Bentley, Lab. No. 2, (O'Harra, 1924,

p. 63, 62; Connolly and O'Harra, 1929, p. 310,) General remarks:
Shale, black, fine, fissile; 150-300 ft thick., Uses Brick.
Pennington County. Upper Cretaceous, Pierre shale, (T.1 N., R.8 E.) about
8 miles east of Rapid City. (O'Harra, 1924, p. 683, 62,) General remarks:
Shale, almost all black; weathers lighter, Lime and lime-iron concretions
abundant at several horizons. Possible use: High-grade cement material.

45, Lab, No. 17.

46, Lab. No. 10,

47, Lab. No, 13,

Pennington County, Upper Cretaceous (Fox Hills sandstone) reported as
Interior formation. (T.3 S., R, 13 E.) 2 miles north of town of Scenic,
Analyst, Phillips. (Wanless, 1923, p. 196, fig. 2.) Clay, blue and
lavender; fossils, banded iron concretions, and calcareous cone-in-cone
concretions. Generalized columnar sections.

Yankton County. Pierre shale, Sharon Springs member, NE{NE} sec. 17,
T.93 N., R.56 W., in quarry of abandoned cement plaat. (Simpson, 1954,
p. 64, 1-6, 61, 142,) shale, medium dark-gray; 11 ft thick, Treach sample,
representative of formation. In lower part, much disseminated bentonite, very
few layers; in upper part, bentonite in beds, small amount of disseminated
beatonite, Small siliceous concretions common in upper 2 ft locally. Index
map, geologic map; detailed stratigraphic section.

Yankton County. Pierre shale, (T.93 N., R. 55 W,) town of Yankton,
Western Portland Cement Co, (Lewis, 1898, p, 97; Eckel, 1913, p. 329,)
Clay, Use: Portland cement material.

Yankton County, Pierre shale, Yankton, Western Portland Cement Co.
(Smith, 1893, p. 52; Eckel, 1905, p. 301; Lincola, 1927b, p. 37.) Clay.
Use: Portland cement material,

41,
42, Shale, 5 ft thick,
43,

44,

Wyoming
Albany County. Upper Cretaceous, Benton shale, NW} sec. 30, T.22 N.,
R. 75 W,, Taylor mine, (Knight, 1898, p, 193; Darton and Siebeathal, 1909,
p.59; Osterwald and Osterwald, 1952, p, 12, 11.) Beatonite or fire clay;
4-5 ft thick, Generally overlain by 20 ft of very dark shale containing con~
cretions. Bulk density 2,18, Outcrop map. Use: Drilling mud, binder,
filler for dams, paper manufacture, adulterant, retarder. Possible use:
Medium-grade firebrick.

53,

*54

55

56

57.

58-63,

Wyoming~-~Continued

Albany County, Tertiary or Quaternary. NW} sec.6, T.13 N., R. 73 W.,
1 mile northeast of Sportsman Lake. (Darton and Siebenthal, 1909, p, 65.)
Volcanic ash, pure white, massive, fine-grained, soft. Measured section,
Fremont County. Middle or Upper Eocene, Secs.?2,3, 10, or 11, T.39 N.,
R.91 W., Lysite area. Analyst, Gilbert. (Beath and others, 1946, p. 12.)
(Analysis shows 5,6 percent alkalies; 4.3 percent more CaO and MgO than
required for carbonates.) Tuff, green, bed 3, Mineralogy., Glass partly
devitrified,
Laramie County, Graneros shale. (Probably T. 19 N., R.70 W.) near
Bradley Station. Analyst, Phillips. (Ball, 1907, p. 242,) Shale, composite
sample; middle 40 ft of 140 ft exposure. Lower 115 ft dark gray, slightly
plastic; almost no grit. Possible use; Cement material,
Laramie County. Pleistocene. (T.14 N., R.66 W.) town of Cheyenne.
Analyst, Eakins, (Emmons and others, 1896, p.263.) Loess, surfacesample.
Lincoln County, Permian, Phosphoria formation, Meade Peak member.
Sec. 13, T.25 N., R, 118 W, Lab. No, RAH-47-47, (McKelvey and others,
1958, p. 24,2, 27, pl. 1.) Mudstone, calcareous; trench sample, Bed P-67,
1,4 fc thick, 86.9 ft below top of member. Index and outcrop map,
generalized columnar section,
Lincoln County. Phosphoria formation, Meade Peak member, Sec.7,
T.26 N., R, 119 W. Analyst, under supervision of Walthall; spectrographic
analyst, Mortimer., Mudstone. Modal grain size, trench samples, lndex map,
outcrop map; generalized columnar section, detailed columnar section.
Mineralogy. (For other analyses from same measured section see analyses in
Lincoln Couaty in this and other groups of this compilation.)

58-62, (McKelvey and others, 1953, p. 15, 19, 2, 23, pl. 1; Gulbrandsen,

1958, p. 14, 5, pl, 1,)
58. Lab. No. VEM-2-47. Grayish-brown. Bed P-2, 1.4 ft thick,

142,15 ft from top of member.
Lab, No, VEM~4-47, (Analysis shows 5.3 percent alkalies;
suggests 2.8 percent SOg not used in gypsum, 1.3 perceat
gypsum, 1.1 perceat phosphate.) Dusky~browa. Bed P-4,
0.6 fr thick, 141,05 ft from top of member.
Lab. No, VEM=5-47. Grayish=brown. Bed P=5, 0.5 ft thick,
140,55 ft from top of member.
Lab. No. 2064, (Analysis suggests 11.9 perceat phosphate,
6.7 percent gypsum; shows 4.6 percent alkalies.) Browmish~
black, Bed P=7, 0,5 ft thick, 137.45 ft from top of member.
Lab. No. VEM~7-47, (Analysis suggests 17.8 percent phos=
phate, 6.0 percent gypsum; shows 2,7 percent alkaljes.)
Brownish-black, contains pellets. Bed P-10, 0.4 ft thick,
135,25 ft from top of member. (See samples 50 and 51,
group P, for analyses of the adjoining bed and of the compos~
ite of the two beds.)

*59,

60,

*61,

*62,

*63. Lab. No, 2086. (McKelvey and others, 1953, p. 14, 18, 2, 22, 23,
pl. 1; Guibrandsea, 1958, p. 13,5, pl. 1.) (Analysis suggests 19,2
percent phosphate, 1.6 percent SO; not used in gypsum; shows 3.0
percent alkalies.) Mudstone and phosphate rock, brownish-black,
Bed P-33, 0,8 ft thick, 109,95 ft from top of member.
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CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

TABLE 6.— Analyses of samples from South Dakota and Wyoming containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each

greater than carbonates (Group B) common and mixed rock categories--Continued

Wyoming
*B4 *65 *66 *67 *68 *69 *70 *71 *72 *73 *74 *75 *76
49B12-16 | 49B12-17 | 49812-20 | 49812-21 | 49812-22 | 49812-23 | 49B12-24 | 49B12-25 | 49B12-26 | 49B12-27 | 49B12-28 | 49B12-29 | 49B12-30
msoluble L.........J4 (47.2) (48.2) (35.23) (42.4) (65.1) (73.0) (57.9) (46, 66) (65.175) (56.38) (59.32) (54.7) (56.8)
SiOgeevesenannssasd 36.80 36,80 29.90 35,28 53,23 59,80 48,07 317,36 52,58 45,64 417,18 47,41 417,21
ALOg.cureneenoncad 8.5 1.9 8.5 8.0 10.3 9.3 9.2 7.1 9.7 9.6 8.6 9.7 8.8
FeyO3.enncanerennsd 2.5 2.5 2.6 2.6 3.4 2.8 3.6 3.8 4.4 4.0 3.4 3.0 2.6
MgO.evevevnonranns 1.5 1.9 .80 1.2 .48 2.4 .53 1.4 2.9 2.1 1.9 2.21 4.2
Caliienonnnnneeeas 20.00 18.40 24,40 22,2 9.48 5,40 13,20 15, 60 4,20 4,20 8,40 15.40 13.40
.87 1.44 1.02 1.20 1.20 1.50 1.30 1.27 1.30 .99 1.25 .62 .84
3.27 2,62 1,95 2.14 2.62 2.30 2,38 2.11 2.85 2.78 2.12 2.45 2,43
6.50 6.34 9.18 6,88 8,20 5.31 8.45 10, 63 10. 68 16.98 11.19 5.14 3.58
HzO- voviencnnanans .20 1,06 1.62 1.32 1.41 .99 1,33 .37 .32 .52 .51 .86 .62
TiO3 cevenannae .34 .28 .38 .38 .61 .42 .48 .28 .36 .23 .52 .10 .42
12,33 10,75 12,38 9.97 6.02 .76 8.31 6.30 .05 .20 2.73 2.16 4.04
3.5 4,3 6.1 6.1 .59 5.1 .52 6.4 5.6 5.1 5.0 10.5 10.0
1.8 1.8 2.2 2.0 1.6 .90 1.6 9.4 8.4 10.6 8.6 1.0 .90
.07 .05 .08 .03 .06 .08 .08 .14 .37 1.45 .52 .05 .05
1.1 1.1 1.3 1.1 .57 .09 .80 .67 .08 .23 44 .31 .45
. 009 .010 .015 .015
. 002 . 002 .002 . 002 . 001 . 0005 .002 .002 . 0005 .001 . 002 . 000 . 0001
Ignition losst ....... (10.2) (1. 7) (15.9) (14,3) (10,2) (11.4) (10.3) (17.4) (16. 6) (22,6) (16.7) (16. 5) (14,2)
Subtotal .......| 99.28 97,24 101.41 100,40 99,77 97,1505 99. 852 102,341 103, 8005 105.236 102,377 100, 910 99, 4401
.46 .46 .55 .46 .24 .04 .34 .28 .03 .10 .19 .13 .19
98.8 96.8 100.9 99.9 99,5 97.1 99.5 102.1 103.8 105.1 102.2 100.8 99.3
Class vevevenneaness| 19,36,7 20,35,9 { 12,40,11 | 18,36,13 31,45,1 | 40,38,11 | 28,43,1 | 21,33,9 30,45,9 24,50,8 28,40,7 | 27,39,23 | 29,34,21
Semiquantitative spectrographic analyses
[ D =0.1-1 percent; E =0.01-0.1 percent; F =0.001-0.01 percent; G = less than 0.001 percent; ND = not detected. Li, Co, Ga, As, Sb, Ta, W, Pt, Au, Hg, and
Bi looked for but not detected ]
64 65 66 67 68 69 70 71 12 73 74 75 76
Be civriiiiinanann. ND ND ND ND ND ND G G ND G G ND ND
F F E E E E E E E D E F F
E E D D E E D D E D E E E
. F F E E E E E E E E E E E
P E E E E E E E E E D E E E
Clivrrironeennonns G G G G G G F F G F F G G
E E E E ND ND F E E E E ND ND
Sfuiieeisnssoncanns ND ND E E ND ND E F ND 3 F ND ND
2 F E E E E E E E E E E E E
Cboverarearnrorones ND ND E D E E ND ND E ND ND E E
MO.iviiareronananns F F F F F ND F E E D E F F
-V S G G G G ND ND G G G G G ND ND
Cd.vevvinvennnnnes ND ND ND ND ND ND ND ND ND ND ND ND ND
S ND ND ND ND ND ND ND ND ND ND ND ND ND
Ba ceiiinenneinnns ND ND E E E E E E E E E E E
Pbesueeeiiianiennns ND ND ND ND ND ND E E ND E E ND ND

! Not included in total,

% (Calculated by compilers; ignition loss less CO; and

less Hz;O-; probably contains some F and S.)

3 (Calculated by compilers from F.)
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DESCRIPTIVE NOTES

CFirst page number in reference indicates source of analysis]

Wyoming--Continued

64-76. Lincoln County. Permian, Phosphoria formation, Meade Peak member.
Sec, 7, T. 26 N., R. 119 W. Analyst, under supervision of Walthall.
Spectrographic analyst, Mortimer. Modal grain size, trench samples.
Index map, outcrop map; generalized columnar section, detailed columnar
section. Mineralogy. (For other analyses from same measured section see
analyses in Lincoln County in this and other groups of this compilation. )

*64,

*65,

*66,

*67,

*68,

*69,

*170,

Lab, No, LES-5-47. (McKelvey and others, 1963, p. 14, 18, 2, 22,
23, pl. 1; Gulbrandsen, 1958, p. 13, 5, pl. 1.) (Analysis suggests
29.2 percent phosphate, 3.9 percent gypsum; shows 4.1 percent
alkalies.) Phosphatic mudstone, brownish-gray, contains pellets.
Bed P-39, 0.6 ft thick; 105, 05 ft from top of member.

Lab, No. LES-7-47. (McKelvey and others, 1953, p. 14, 18, 2, 22,
23, pl. 1; Gulbrandsen, 1958, p. 13, 5, pl. 1.) (Analysis suggests
25. 5 percent phosphate, 3.9 percent gypsum; shows 4, 1 percent
alkalies.) Phosphatic mudstone, brownish-gray. Bed P-41, 3.8 ft
thick, 98,25 ft from top of member.

Lab. No, VEM-32-47, (McKelvey and others, 1953, p. 13, 17, 2,
22, pl. 1; Gulbrandsen, 1958, p. 12, 5, pl. 1.) (Analysis suggests
29, 3 percent phosphate, 4.7 percent gypsum; shows 3.0 percent
alkalies.) Phosphatic mudstone, brownish-gray, contains incipient
pellets. Bed P-63, 2,0 ft thick, 65.85 ft from top of member.

Lab. No, VEM-34-47, (McKelvey and others, 1953, p. 13, 17, 2,
22, pl. 1; Gulbrandsen, 1958, p. 12, 5, pl. 1.) (Analysis suggests
23, 6 percent phosphate, 4.3 percent gypsum; shows 3, 3 percent
alkalies.) Phosphatic mudstone and calcareous phosphatic mudstone;
brownish-gray, contains incipient pellets. Bed P-65, 3.0 ft thick,
62,15 ft from top of member.

Lab, No, VEM-36-47. (McKelvey and others, 1953, p. 13, 17, 2,
22, pl. 1; Gulbrandsen, 1958, p. 12, 5, pl. 1.) (Analysis suggests
14, 3 percent phosphate, 3.4 percent gypsum; shows 3.8 percent
alkalies.) Mudstone, brownish-gray. Bed P-67, 0.5 ft thick,

59. 35 ft from top of member.

Lab, No. VEM-37-47. (McKelvey and others, 1953, p. 13, 17,
2, 21, 22, pl. 1; Gulbrandsen, 1958, p. 12, 5, 26, 27, pl. 1,)
(Analysis shows 3. 8 percent alkalies; suggests 1.9 percent gypsum,
1.8 percent phosphate.) Mudstone, brownish-gray. Bed P-68,
1,4 fr thick, 57.95 ft from top of member,

Lab. No. VEM-38-47. (McKelvey and others, 1953, p. 13, 17, 2,
21, 22, pl. 1; Gulbrandsen, 1968, p. 12, 5, 26, 27, pl. 1.)

*71,

*174,

*175,

Wyoming--Continued

(Analysis suggests 19. 7 percent phosphate, 3.4 percent gypsum;
shows 3. 7 percent alkalies,) Phosphatic mudstone, brownish-gray,
contains incipient pellets, Bed P-69, 1.5 fi thick, 56,45 ft from
top of member.

Lab. No. VEM-40-47. (McKelvey and others, 1953, p. 13, 17, 2,
21, 22, pl. 1; Gulbrandsen, 1958, p. 12, 5, 26, 27, pl. 1.)
(Analysis suggests 20. 2 percent gypsum, 14.9 percent phosphate;
shows 3.4 percent alkalies.) Mudstone, grayish-black. Bed P-71,
1. 05 ft thick, 54.30 ft from top of member.

Lab. No. VEM-41-47, (McKelvey and others, 1953, p. 13, 17, 2,
21, 22, pl. 1; Gulbrandsen, 1958, p. 12, 5, 26, 27, pl. 1.)
(Analysis suggests 12, 7 percent gypsum, 2.5 percent more SOg
than required for gypsum; shows 4.2 percent alkalies.) Mudstone,
grayish-black. Contains pyrite. Bed P-72, 0.9 ft thick, 53.40 ft
from top of member.

Lab, No, VEM-42-47. (McKelvey and others, 1953, p. 13, 17, 2,
21, 22, pl. 1; Gulbrandsen, 1958, p. 12, 5, 26, 27, pl. 1.)
(Analysis suggests 10, 7 percent gypsum; shows 3.8 percent alkalies,
1.5 percent V,05.) Mudstone, grayish-black. Bed P-73, 0.65 ft
thick, 52.75 ft from top of member.

Lab, No, VEM-44-47, (McKelvey and others, 1953, p. 13, 17, 2,
21, 22, pl. 1; Gulbrandsen, 1958, p. 12, 5, 26, 27, pl. 1.)
(Analysis suggests 14. 8 percent gypsum, 6.5 percent phosphate,
1,7 percent more SOy than required for gypsum; shows 3.4 percent
alkalies,) Mudstone, grayish-black, fossiliferous. Bed P-75,

0.75 ft thick, 51.6 ft from top of member.

Lab. No. VEM-48-47, (McKelvey and others, 1953, p. 13, 17, 2,
21, 22, pl. 1; Gulbrandsen, 1958, p. 11, 5, pl. 1.) (Analysis
suggests 5.1 percent phosphate, 2.2 percent gypsum; shows 3.1 per-
cent alkalies,) Calcareous mudstone, brownish-gray, fossiliferous,
Bed P-79, 0.8 ft thick, 46.7 ft from top of member.

Lab. No. VEM-50-47. (McKelvey and others, 1953, p. 13, 11, 2,
21, 22, pl. 1; Gulbrandsen, 1958, p. 11, 5, pl. 1.) (Analysis
suggests 9. 6 p phosph 1.9p gypsum; shows 3.3 per-
cent alkalies.) Calcareous mudstone and phosphate rock, brownish-
gray. Bed P-81, 2.0 ft thick, 43.7 ft from top of member.

57
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CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

TABLE 6,— Analyses of samples from South Dakota and Wyoming containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each

greater than carbonates (Group B) common and mixed rock categories--Continued

Wyoming
*77 *78 *79 30 *81 *82 %83 *84 *85 *86 *87 *88 *89
49B12-31 | 49B12-32 | 49B12-51 | 49B12-13 [ 49B12-52 | 49B12-53 | 49B12-54 | 49B12-42 | 49p12-41 | 49B12-14 | 49B12-15 | 49B12-33 | 49B12-34
Insoluble...cou..... |1 (40,4) [1(58.5) [1(69.3) |1(66.9) [L(73.3) |1(68.8) |!(75.6) 40.3 40,2 veeees [1(73.2) |1(82.5)
Si0zuueenncannean..]| 34,24 47.36 57.11 55.26 61.14 57.58 61.52 43.8 44,00 617.60 71.02
5.3 7.8 10,2 9.3 12.1 10,9 13.3 5.4 4,5 12,7 10.9 5.1 7.5
1.9 2.6 3.3 3.0 3.4 3.1 4,0 5.58 4,45 4.0 3.6 3.5 3.2
".43 3.8 .90 4.2 .63 .67 .82 .55 k]
25,41 12,80 10.40 9.00 6.60 9.00 5.60 9.9 7.8 8.40 4.40
1,09 .96 1,02 .84 .40 .59 <1 T e .40 .52
1.60 2.30 1,67 2.53 3.57 3.30 3,90 Cerees 1,83 2.60
26,42 23,817 23,57 22,87 24,66 24,48 2421 Ceeens 22,22 22,66
HoO- tivvvnrnnnnnn 1,08 .83 .93 .43 1.04 1,02 .19 { .38 .54
TiOp cereennrennas . .40 .42 .43 .54 .45 .47 .01 e .33 .34
PoOs eevevenenennss| 16,52 3,80 4,51 .65 4,35 6.15 3,25 9.3 .3 4.1 .15
[o]o P 2.0 8.8 3.2 10,4 .6 .8 .9 1.8 2.0
SO5 cenvernrennenss| 2.4 1.1 .71 .31 .16 .91 .60 .24 .21
V205 veveennannenns .05 .09 .04 .02 .04 .08 .07 .04 .05
1.6 .51 .52 .15 .48 .59 .37 .51 .22
012 . 002 . 001 .001 .001 002 . 002
Organic C..... . 10,7 4.1
Ignition loss .. 1(9.5) |1(13.5) (7.7 {1(18.7) 1(6.3) 1(6,3) 1(5,9) 15.4 ceeees |1(20.3) 1(4.4) 1(5.2)
Subtotal .......| 100.452 97.042 98,571 99,501 | 100,221 99.622 99,692 R 97,00 96,74
LessO%.......uu .67 .21 .22 .06 .20 .25 .16 . [P veaaen .21 .09
Total.ueuoenass 99.8 96.8 98.4 99.4 100, 0 99.4 99.5 76.0 66.2 95.5 97.5 96.8 96,7
Class vovvunennnnens 23,25,4 | 21,32,19 | 35,40,7 | 35,35,22 | 36,46,1 | 35,42,2 | 34,50,2 | (24,42)0 | (27,39)0 | 17,59,13 | 21,57,11 | 55,24,4 | 54,31,4

Semiquantitative spectrographic analyses

[B=1-10 percent; D=0.1-1 percent; E=0, 01-0. 1 percent; F=0, 001-0, 01 percent; G =less than 0. 001 percent; ND =not detected. Li, Co, Ga, As, Sb, Ta, W, Pt, Au,
Hg, and Bi looked for in samples 77-83 but not detected. Sc, Co, Ge, As, Rb, In, Sb, Cs, Ce, Nd, Ta, W,
85 but not detected J

Re, Pt, Hg, T1, Bi, and Th looked for in samples 84 and

[ 78 79 80 81 82 83 84 85
ND ND ND ND ND ND ND ND ND

F F E E E E F F F

PP N ceee tieees D E

ME ceievneranennnas O Cerees P e e . B
[ vevann PP wsrens | seess . B B
£ S ceees D D
Voreoirnaenaen E E
Cl.... E E F E E E D E
Mn...... E E E F F F E E
Nieoioo.. E E E E E E E E
Cu... G G G G G G F F
Zn....... E ND ND ND ND ND E E
Sr.. ND ND ND ND ND ND D D
Y.. B L O R E F
2/ S, . E E E E E E E ND E
(o T E E ND ND ND ND ND ND ND
Mo F F F F F F F F F
A euernns G G ND ND ND ND ND G G
Cd teviniarenseaensnseransasnnenanns eeeeaen. Ceerereaeas ND ND ND ND ND ND ND F F
So . ND ND ND ND ND ND ND F F
Ba .. E E ND ND ND ND ND F F
La . veeeee | e | e E ND
Pb ...... ND ND ND ND ND ND ND E F

! Not included in total.
% (Caleulated by compilers; ignition loss less CO, and less H,O-;
probably contains some F and S. )

® (Calculated by compilers, difference between COjp and ignition loss. )

4 Reported as S.

5 (Calculated by compilers from F.)
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Wyoming-~Continued

77-83, Lincoln County. Permian, Phosphoria formation, Meade Peak member.

Sec, 7, T.26 N., R. 119 W. Analyst, under supervision of Walthall,
Spectrographic analyst, Mortimer, Modal grain size, trench samples.
Index map, outcrop map; generalized columnar section, detailed columnar
section. Mineralogy. (For other analyses from same measured section see
analyses in Lincoln County in this and other groups of this compilation.)

*77, Lab. No. VEM=53-4T, (McKelvey and others, 1953, p. 13, 117, 2, 21,
pl. 1; Gulbrandsen, 1958, p, 11, 5, pl. 1.) (Analysis suggests 39,2
percent phosphate, 5.2 percent gypsum; shows 2.7 percent alkalies.)
Phosphate rock and phosphatic mudstone; brownish=gray, fossiliferous,
contains pellets, Bed P-84, 1,8 ft thick, 39.2 ft from top of member.

*78, Lab. No, VEM=60-47. (McKelvey and others, 1953, p, 12, 17, 2, 21,
pl. 1; Gulbrandsen, 1958, p. 11, 5, pl. 1,) (Analysis suggests 9.0
percent phosphate, 2.4 percent gypsum; shows 3.3 percent alkalies,)
Dolomitic mudstone, grayish-brown. Bed P-91, 0.4 ft thick, 33.3 ft
from top of member,

*79, Lab, No, DML~3-47. (McKelvey and others, 1953, p. 12, 17, 2, 21,
pl. 1; Gulbrandsen, 1958, p, 11, 5, pl, 1.) (Analysis suggests 10,7
percent phosphate, 1.7 percent gypsum; shows 2.7 percent alkalies,)
Mudstone, grayish-brown, Bed P-101, 1,2 ft thick, 23,6 ft from top
of member,

80. Lab, No. DML-4-47, (McKelvey and others, 1953, p. 12, 17, 2, 21,
pl. 1; Gulbrandsen, 1958, p. 11, §, pl.1,) Dolomitic mudstone,
light brownish~gray. Bed P-102, 3.2 ft thick, 20,4 ft from top of
member.

*81, Lab. No. DML=-5-47. (McKelvey and others, 1953, p. 12, 17, 2, 21,
pl. 1; Gulbrandsen, 1958, p. 11, 5, pl. 1.) (Analysis suggests 10,3
percent phosphate, 1.6 percent gypsum; shows 4.0 percent alkalies,)
Mudstone, grayish=-brown, Bed P-103, 0,5 ft thick, 19,9 ft from
top of member.

*82, Lab., No. DML-6-47. (McKelvey and others, 1953, p, 12, 17, 2,
21, pl. 1; Gulbrandsen, 1958, p. 11, 5, pi, 1.) (Analysis suggests
14,6 percent phosphate, 2.0 percent gypsum; shows 3.9 percent
alkalies,) Mudstone, grayish-brown. Bed P-104, 0,5 ft thick,
19,4 ft from top of member.

%83, Lab, No., DML-7-47. (McKelvey and others, 1953, p, 12, 17, 2,
21, pl. 1; Gulbrandsen, 1958, p.11, 5, pl. 1.} (Analysis suggests
7.7 percent phosphate, 1.3 percent gypsum; shows 4,3 percent
alkalies,) Mudstone, grayish-brown, Bed P-105, 0.4 ft thick,
19,04 ft from top of member,

237-368 0—67——5

84-85,

86-87.

88-89,

Wyoming--Continued

Lincoln County. Phosphoria formation, Meade Peak member. Secs. 19 and
30, T.27N,, R.119 W, Spectrographic analyst, Mortimer. (McKelvey
and others, 1953, p. 6, 2, 9, pl. 1,) Index and outcrop map, generalized
columnar section, (For other analyses from same measured section see
analyses in Lincoln County in this and other groups of this compilation.)

*84, Lab. No, RAH-166-47. (Analysis suggests 22,0 percent phosphate.)
Calcareous mudstone and phosphate rock. Trench sample, Bed P-87,
1 ft thick, 32.55 ft from top of member,

*85, Lab, No. RAH-160-47, (Partial analysis.) Mudstone. Trench sample.,
Bed P-93, 2,2 ft thick, 22,45 ft from top of member,

Lincoln County. (Phosphoria formation, Meade Peak member. Sec. 19,
T.27N., R. 119 W,, and sec, 6, T.26 N., R, 119 W,), Sublette Ridge
area, (Ravitz and others, 1947, p, 2, 13, 14,) Carbonaceous shale, black,
fairly soft, fine-grained; beds composed of layers alternately rich and lean
in vanadium; high vanadium layers richer in organic matter. Possible uses
Source of vanadium, fertilizer,

*86, Lab, No. 13, (Analysis suggests 6,2 percent phosphate; shows
4,1 percent S.)

*87. Lab. No., 6=5. (Analysis shows 4.0 percent S; suggests 3.3 percent
phosphate. )

Lincoln County. Phosphoria formation. (McKelvey and others, 1953, p. 11,
16, 2, pl,1,) Sec.7, T.26 N,, R, 119 W, Trench samples. Index map,
outcrop map; generalized columnar section. (For other analyses from same
measured section see analyses in Lincoln County in this and other groups of
this compilation.)

%88, Lab. No, VEM=74-47. (Analysis suggests 9.7 percent phosphate,
1,4 percent more CaO and MgO than required for carbonates; shows
2,2 percent alkalies,) Mudstone. Bed U-5, 1.4 ft thick, 53,50 ft
from top of member. ‘

*89, Lab. No. VEM~76-47. (Analysis shows 3.1 percent alkalies; suggests
1,8 percent phosphate, and 1,8 percent more CaO and MgO than
required for carbonates,) Mudstone, Bed U~7, 3,1 ft thick, 48,1 ft
from top of member.
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TABLE 6.~ Analyses of samples from South Dakota and Wyoming containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each

greater than carbonates (Group B) commion and mixed rock categories-~-Continued

Wyoming
90 91 92 *93 94 *95 96 97 98 99 100 *101 *102
49B12-3 | 49B12-4 | 49B12-55 | 49B12-35 | 49Bi2-5 | 49B12-36 | 49B12-6 | 49B12-7 | 49B12-8 | 49812-9 | 49B12-10 | 49B12-37 | 49812-38
Isoluble!......... | (85.2) (79.5) (64.4) (73.4) (75.00) | (76.8) (80.3) (68.0) (68.5) (69.2) (72.1) (73.0) (70.3)
SiOz.ceseennsnnens | 72,94 70.14 57,51 61,170 65,02 66.84 70.84 62.36 62.30 61,52 65,32 63,04 59,54
ALOg.sveurenennn. 10.4 9.8 6.4 10.3 10,4 8.1 8.7 4.5 7.3 7.8 7.3 11.7 10,7
Fe03..cvsreansne 3.9 4.7 2.9 4.0 3.5 3.2 2.8 2.3 2.5 2.6 2.5 4.3 4.5
MEO.everriaranans .79 .86 4.4 2.0 2.2 1.9 1.3 3.0 3.1 3,7 2.8 1.2 11
[oF Yo T 1.42 2,00 10.80 5,40 5.30 4,20 4,90 10.20 8.20 8.20 8.36 5.80 7.32
NayO.eveeevnannnes 3.20 .40 .28 .25 3.10 .60 2,40 .44 .50 .40 2.20 .50 3.10
KoOvuvrvnenannne . .50 3,10 1.79 3.20 .30 2.77 .49 1.85 2,13 2,40 .57 3.50 .69
H0+%, 3,92 4,58 2,75 3.84 3.58 3,36 3.63 2,59 3.04 2,80 3,03 5.49 5.11
HO-.. .78 .92 .55 .86 .82 .64 .7 .41 .46 .50 .57 1.31 1.89
TiO, . .52 .55 .37 .44 .44 .44 .46 .37 .43 .52 .35 .53 .49
P,05.. 1.00 .91 1.60 .60 .85 1,21 .25 1,01 1.39 .30 2,00 4,00 4.60
(ol .2 .3 10.8 3.9 4,2 3.1 3.1 8.8 7.1 8.4 5.9 .4 .5
SOg e eurerunncasas .17 .31 .28 .20 .13 .20 .20 .21 .17 Nil .11 .26 .39
V205 vevenceanennn .05 .05 .08 .04 .08 .05 .08 .04 .05 .06 .10 .10 .06
.22 .17 .17 .26 .26 .24 .19 .16 .18 .21 .31 .47 .58
Ignition loss® ...... (4.9) (5.8) (14.1) (8.6) (8.6) (7.1) (7.5) (11.8) (10.6) (11, 7) (9.5) (7.2) (17.5)
Subtotal......, | 100.01 98,79 100. 68 96,99 100,18 96,85 100,11 98.24 98.85 99.41 101,22 102. 60 100. 57
.09 .07 .07 11 .11 .10 .08 .07 .08 .09 .13 .20 .24
99.9 98.17 100. 6 96.9 100, 1 96.8 100.0 98,2 98.8 99,3 101.1 102, 4 100. 3
50,42,0 | 48,43,1 | 43,27,23 | 39,42,8 | 43,41,9 | 49,33,6 | 52,34,7 | 52,20,19( 47,29,15 | 45,30,18 { 50,29,13 | 38,48,1 | 36,46,1
*103 104 105 *106 *107 *108 109 110 111 112 113 *114 115
49B12-39 | 49812-11 | 49B12-106| 49B12-40 | 49B12-43 | 49B12-46 | 49B12-47 | 49812-48 | 49B13-1 | 49B15-1 | 49819-2 | 49821-1 | 49823-11
Insoluble!......... | (77.1) (85.9) (81.3) (42.10) veveee | eeeees ceeees | (51.8)
65,22 78. 46 74.62 37,30 52.0 42.2 49,0 43.6 65.24 65.63 62,431 66.17 60. 96
11.2 5.4 5.3 9.1 12.3 11,6 12,63 12,55 15. 88 13.40 14,566 14,95 18.27
4.9 3.8 3.2 4.2 $5.08 33.43 31,57 34,43 3,12 2.55 { 2.76 2,83
: 1.95 .14
.88 .51 .84 1.4 .55 2.3 2.3 1.85 5.3 2,17 1,409 1,88 2,96
4,00 3,60 4.70 22, 60 5.5 9.30 . .85 1,859 3,87
15910 R .62 .97 .69 2,84
KO vrverroeannnns 1.50 1.20 .27 } 4.900 { 3,77
HO+ieunnnsonnans | 24,67 21,50 21,10 23.52
HO-.vvvnnnnnenn. 1.23 .30 .30 .88 } 517 14.85 ) 414.8%6 2.61
TiOg vvuvevnnnsens .52 .34 .34
PyO5 vevennennnans 2,93 1.65 .70 15,14 32,11 32,12 3.76 31,90
.2 .1 2.9 2.3 6.80
3.40 4.00 3.85
.32 .22 <1 .15 5.05
.09 .04 .04 . 525 . 920 . 605
.34 .18 .13 1.3
Clieennncnnnncons . .025
A crereerecnncnen | svenes .26
AU ceeirnnninnnns | weeees .00
| S T R . . .05
Organic matter® ... | +....t 7.85 15,66 14,45 16.83
Ignitionloss...... | (6.1) (2.5) (4.3) (6.7 ceeeee | (15.9)
Subtotal....... | 96.50 98.82 <96.4 98,49
.14 .08 .05 .55 ceeres
96.4 98,17 <96.4 97.9 86,98 90.8 102,1 98,175 99,89 100,001 | © 100,80 100.43
40,47,0 | 65,25,2 | 52,23,6 | 16,39,5 | 25,57,6 | 18,59,10 | 25,56,10 | 16,61,18 | 34,60,3 | 39,57,0 | 37,550 | 37,50,0 | 25,70,0
Spectrographic data for sample 115
[P =Phillips Research Lab. determinations; S=Shell Oil Co, determinations; Pres, =Present ]
P S P S P s
Llveensosnenenaes Pres. <0,09 [ <0,001 Zlueeeesasnsnanses | 0.08 0,01
Beuiuurirrranioanns <,0005 CUvevvnnnesnassas | 0,001 . 0007 <.003
0,003 .01 Y2 N <.03 . 001 . 006
(@] Ga... ceerans .01 .01 O
.. <, 002 Rb.e..... <,01 .04 8<,04
<,0007 [ S .07 8<,03 Tleveessasnansonss <, 00003
. 005 .006 b P <., 005 Pbitvaerasecnanens .07 .02
1 <,001

! Not included in total,
% (Calculated by compilers, ignition loss less COp
and less HyO =; probably contains some F and §.)
3 (Calculated from reported Fe, P, or C, Less O
calculated by compilers from F.)
* Includes organic matter,

5 Reported as SO .

¢ Manganese and lithia reported as wrace,

7 Presence not detected; limit of detectability
by procedure employed is as yet uncertain,

® Element detected; present in too small concenmation for
spectrochemical determination by procedures employed.
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Wyoming-- Continued

90-106. Lincoln County. Permian, Phosphoria formation. (McKelvey and others,

1953, p. 11, 16, 2, pl. 1.) Sec. 7, T.26 N., R. 119 W. Trench samples.
Index map, outcrop map; generalized columnar section.

90, Lab. No. VEM-77-47, Mudstone, Bed U-8, 2.7 fu thick, 45.4 ft
from top of member.

91, Lab. No. VEM-78-47. Mudstone. Bed U-9, 0,7 ft thick, 44,7 ft
from top of member.

92, Lab. No. VEM-79-47. Dolomitic mudstone. Bed U-10, 1,0 ft
thick, 43.7 ft below top of member.

%93, Lab. No. VEM-80-47. (Analysis suggests 2.2 percent more CaO and
MgO than required for carbonates, 1.4 percent phosphate; shows
. 3.5 percent alkalies,) Mudstone. Bed U-11, 1.4 ft thick, 42.3 ft
from top of member.

94, Lab. No. VEM-81-47, Mudstone. Bed U-12, 4.3 ft thick, 38 ft
below top of member,

%95, Lab., No. VEM-82-47. (Analysis shows 3.4 percent alkalies; suggests
2.9 percent phosphate, 1.1 percent more CaO and MgO than required
for carbonates.) Mudstone. Bed U-13, 3.6 ft thick, 34,4 ft from
top of member,

96. Lab. No. VEM-83-47. Mudstone. Bed U-14, 8,7 ft thick, 30.7 ft
from top of member.

97. Lab, No. VEM-84-47, Mudstone. Bed U-15, 3.9 fi thick, 26,8 ft
from top of member.

98, Lab. No., VEM-85-47. Mudstone. Bed U-16, 3.5 ft thick, 23.3 ft
from top of member.

99, Lab. No. VEM-87-47. Calcareous mudstone. Bed U-18, 2.6 ft
thick, 19.1 ft from top of member.

100. Lab. No. VEM-88-47. Mudstone, Bed U-19, 2.6 fr thick, 16.5 ft
from top of member,

%101, Lab. No. VEM-89-47. (Analysis suggests 9.5 percent phosphate,
1,3 percent more CaO and MgO than required for carbonates; shows
4.0 percent alkalies.) Mudstone. Bed U~20, 3.0 ft thick, 13,50 ft
from top of member.
%102, Lab. No, VEM-90-47. (Analysis suggests 10, 9 percent phosphate,
1.8 percent more CaO and MgO than required for carbonates; shows
3. 8 percent alkalies,) Mnudstone. Bed U-21, 3.2 ft thick, 10.3 ft
from top of member.

*103. Lab, No. VEM-91-47. (Analysis suggests 6. 9 percent phosphate. )
Mudstone. Bed U-22, 1.6 ft thick, 8.7 ft from top of member.

104. Lab. No. VEM-92-47. Mudstone, cherty. Bed U-23, 1,6 ft thick,
7.1 ft from top of member,

107-110.

111,

112

113,

*114,

115,

Wyoming--Continued

105, Lab., No. VEM-93-47. Mudstone and chert, Bed U-24, 4.0 ft thick,
3.1 ft from top of member.,

%106, Lab. No. VEM-95-47. (Analysis suggests 35.9 percent phosphate,
1.6 percent gypsum.) Phosphate rock and chert. Bed U-26, 0-6 ft
thick, 1.7 ft from top of member.

LincoIn County. Phosphoria formation. Tps. 26 and 27 N., R. 119 W,
Carbonaceous shale. General description of deposit, geologic and topographic
map, geologic profile.

%107, Lab, No. Wy-1.1 altered. (Allsman and others, 1949, p. 7, 3-5,
figs. 1, 2,) (Analysis suggests 5. 0 percent phosphate.)

%108, Lab. No. Wy-1.9 Met. D. (Allsman and others, 1949, p. 7, 3-5,
figs. 1, 2.) (Analysis suggests 5.0 percent phosphate; shows 3.4 per-
cent §.)

109. Lab, No. Wy=-1,10 Met, F. (Allsman and others, 1949, p. 7, 3-5,
figs. 1, 2.)

110. Lab. No. Wy-6.1, Wyodak composite. (Allsman and others, 1949,
p. 5, 7, 3, 4, figs. 1, 2.) Physical tests.

Natrona County. Upper Cretaceous, Thermopolis shale or Mowry shale.
(T. 33 N., R. 79 W.) near town of Casper. Analyst, Knight. (Fisher, 1905,
p. 560.) Bentonite. Geologic map. Use: Soap, adulterant.

Park County. Upper Cretaceous, Frontier formation, (Probably sec. 31,
T, 53 N., R. 101 W.), Shoshone River. Collectar, Hewett. (Hewett,
1926, p. 56, 49, 57, pl. 6.) Bentonite, from bed 8 ft thick, top bed of
formation, Detaijled columnar sections, correlated columnar sections.
Mineralogy.

(Sweetwater County.) Eocene, Green River formation. (T.13 N.,
R. 100 W.), Brown's Park. Analyst, Brewster. Lab. No. 94. (Emmons,
1877, p. 223; King, 1878, table 7A.) Silt, white, very fine, siliceous.

(Uinta County.) Eocenme, Bridger formation. (T. 13 N., R. 113 W.),
Grizzly Buttes. Analyst, Woodward. Lab. No, 124, (Emmons, 1877,

p. 246; King, 1878, table 7B.) (Analysis shows 6. 6 percent alkalies, 2.0
percent FeO; suggests 5. 9 percent more CaO and MgO than required for
carbonates, ) Sandstone, light bluish-green, fresh. Mineralogy.

Weston County. Mowry shale. (Probably T. 47 N., R. 64 W.), 4.8
miles south of town of Upton, Baroid Co, pit. Lab. No. 26, (Kerr and
others, 1950, p, 53, 61, 80, 81, 96, 107, 154; for additional information
see: Kerr and Kulp, 1949, p. 54, 56, 57; Kerr and others, 1949, figs, 11,
14, 16; Main, 1950, p. 38, 50, 53; Adler and others, 1950, p. 102, 138,
pls. 5, 14,) Montmorillonite, from layer 2 ft thick; sample of about

80 pounds, pH 8.22. Index maps. Summary of base-exchange capacity;
exchange isotherms graph; thermal curves; infrared absorption measurements.
Staining tests, mineralogy.
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TABLE 6.— Analyses of samples from South Dakota and Wyoming containing uncombined silica and clay each less than 75 percent; uncombined silica and clay each

greater than carbonates (Group B) common and mixed rock categories--Continued

Wyoming

116

117

*118

119

120

121

*122

123

124

125

49823-12

49B23-3

49B23-10

49B23-17

49B23-8

49823-1

49B23-9

49823-6

49B23-2

49B23-38

K20 crrnnriannirnireiasiscntvassnseacconssoncsanns

L

i L Y

o .e

W0 eetatanenans

nition 1088 ... ..ivinnnn
TOtalevieaieusonanannns

64.32
20,74
3.03
.46
2,30
.52
2.59
.39
5.15

70,98
111,47
2,48
)
1,38
.26
1.69
.75

} 11,32

56,20
11,50
3. 64
.65
4.23
5.83
.98
3,74
32,84
{ 81,61
17
.12
5.72
.10
2,26
None
Tr.,

seeave

58,82
16.43
4,417
1.68
.54
.33
2,18
36.39

.24
1,32

7.93

68.30
14,65
.37
1.03
1.18

.39
$6.82

sesans

.33
.09

seesne

6.56

67.55
17,58
.47
.14
.36
.21
.79

ssesae

.18
.50

11,68

63.25
12,63
3.70
3.97
4,12
3.55
57,19
61,30

cessnn

56,93
14,75
2,08
1.86
6.35
2.28
.93

} 10,61

4,61

69.54
10.63
.63
.22
3.27
1.87

12,76

sseass

66. 90
15.26
2,80
.12
2.26
.46
2.12
.42
43,67
{4 65.83
11
6.03
.05

7.07

sesens

100.19
32,43,12

100.33
25,67,4

100.02
42,53,4

9100.06
36, 60,2

99.71
317,50,1

100, 40
29, 56, 10

99. 62
50,43, 1

100,15
317,58,0

126

127

128

129

130

*131

132

*133 .

*134

*135

49B23-5

49824-63

49B24-64

49B24-65

49B24-61

4924-68

49B24-58

49824-69

49B24-70

49B24-71

S10z24ctceatsiareseonsosorarcrcsnescnoncccassonanse

ALO5 .t ctenetnnanarenesacnesensannrasennaanennnen

NagOeierennnnns
KO ioenonnnnnns

8O3 cevinnnsnnnns
Ignition 1088 s uvuvuencnraniinronsrssasanersneraanan

Total.e.....
Class coveeneenncnans

60,66
22,13
1,21
1,54
1,59
.53
2,16

9,28

79. 60
1011,42
.30
1,52
3,53
3.4

ceesse

csesan

80.74
10 10,00
.20

.44
1.26
2,36
5.54
None

84,90
108,48

eseane

.32
1,76
2,98
1,62
None

75,15
016,18

.26
.62
1.52
6.22

cevsen
cesaen

cesans

48,08
10 8.54
Tr.

.34
1,69
2,83
1.73

37,19

cessen

71,54
019,88

None

ceeres

55.66
011,90
.06

.34

.46

.76
5.60
26.00

71,73
711,91
None
.44
1.80
3.74
2,01
8.50

68.34
1012, 52
.02

.50

.66
1,74
6.02
10.10

99,97
20, 70, 6

99,81
59, 35,0

100, 54
63,33,0

100.06
70,25,0

100. 55
47,51,0

100. 40
33,25,0

100,72
36, 63,0

100,78
35, 39,0

100,13
51,35, 0

99,90
46,41,0

*136

*137

138

139

140

141

142

143

144

145

49824-72

49824-73

49B24-59

49B24-62

49B24-25

49B24-28

49B24-217

49B24-29

49824-83

49B24-60

KgO toteeinnneneseccsecnnccacensnocnsncsosasannnns

HO+uuvnnnnnn seteeenuarsscanaranrsansansacnanrene

SO3
Organic matter,.......
IgNItion 108§ ovveeeeeceacearsssasennciornssnncnsons

L P

Class .o vierrnenrorasenrrasantosntasosrsuassnonnsene

63, 92
6,34

ceseen

IETETRY

.09
.28
.46
.54

} 5.98

22,24

cevsee

66. 31
102,04

.02
.18
.12
.04

.51

30.70

73,34
1014 16

75,88
1916.66

cseses

6.72

ceanas

82,80
5,64
1,49
Tr.
2,13

1 Tr,
uTr,
{’-‘ 2,66
1Ty,

76.80

9.46
Tr.
Tr.

1.80
nTr,

135,00

cessee

seseen

8,00

72.25
10.96
.76
.31
..10
.14
3.55
1,66

}“9.02

teevae

u.,45
.36
15,34

81.95
6.49
Tr.

seesas

73.00

} 13.50

csesne
erease

11,00

sesene

seases

csesne

74.68
11,7

1,32
1.30
2,04
2,29

6.72

cessee

sasene

cavacs

tesens

99.85
53,24,0

99,92
63,6,0

100,14
46,53,0

101,06
60,38,3

100.50
52,42,0

100.02
10,25,0

917.50
50,417,0

100,06
55,38,0

! Includes P05 .

2 probably absent,

S 1,0+, above 100° C.; H,0-, at 100° C.

4 H;0+, above 105° C.; H;0~, at 105° C.

5 H,0-, 6,91 percent; 0,28 percent calculated
from reported HySO, .

¢ Calculated from H,S0, and/or HgPOy,
calculated H,O, 0,03 percent,

T Calculated from HySO,; includes 0,01 percent S.

® Calculated from reported C, 0.03 percent.

? 100,26

in text,

10 Reported as Al,G,, etc,

1 petermined spectroscopically .
2 Includes H of organic matter,
8 At 110°C,
™ May be either S or SO

!5 Calculated from reported C.
16100.12 in text.



116..

111,

*118,

119-121.

*122,

123-124,

125,

126.
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Weston County, Upper Cretaceous, probably Mowry shale, (H. D. Thomas,
written communication, 1956). Town of Upton, American Colloid Co,
Lab. No. 5D. (Grim and Rowland, 1942, p. 756, 755,) Montmorillonite.
Differential thermal curve,

Weston County. Mowry shale, top of formation. Sec. 30, T. 47N.,
R. 63 W., Clay Spur siding. Analyst, Fairchild; collector, Rubey. (Rubey,
1929, p. 157-159,) Bentonite, from quarry. Mineralogy.

Weston County. Triassic(?), Spearfish formation. (T. 45N., R, 61 W.)
east of town of Newcastle. Analyst, Steiger. Lab. No. 54. (Richardson,
1903, p. 380, 367, 378.) (Analysis suggests 4.9 percent gypsum, 2.4
percent more Ca0 and MgO than required for carbonates; shows 4. 7 percent
alkalies.) Shale, red, sandy. Geologic map., Photomicrographs of Spear-
fish formation red beds; average mineral composition.

Weston County. Upper Cretaceous, Graneros shale. (T. 45 N., R. 61 W.)
near Newcastle, (Ball, 1907, p. 237.) Shale,

119. Analyst, Bates. Shale, black, fissile; numerous gypsum crystals.
Possible use: Portland cement material.

120, Analyst, Bates, Shale, gray; no sand or gypsum. Use: Too little
iron and too much silica for Portland cement material.

121. Analysts, Phillips and Bates, Shale, dark gray, fissile; no gypsum.
Use: Too little iron for Portland cement material,

Weston County. Graneros shale. (T. 46 N., R. 63 W.) near town of
Osage. Analyst, Knight, (Darton, 1904, p, 9; Darton, 1905b, p. 12;
Fisher, 1905, p. 560.) (Analysis suggests 6,9 percent more CaO and MgO
than required for carbonates, 2.8 percent gypsum; shows 3. 6 percent K,0. )
Bentonite, light-gray, fine-textured, soft, massive; 4 ft thick. Locally
occurs as light powdered substance between thin layers of reddish-brown con-
cretionary material, Bulk density, 2.132. Geologic maps, Use: Filler,
soap, adulterant.

Weston County, Upper Cretaceous, Plerre shale. SE} sec. 6, T. 45 N.,
R. 62 W,, (from U. S. Geol. Survey files). Analyst, Fairchild; collector,
Rubey, Lab. No. C-941. (Wells, 1937, p, 65, 64.) (Some of the
following information from U. S. Geol. Survey files.)

123, From mine near Pedro siding; bentonite, from thick bed at base of
formation.

124, Pedro bentonite bed. Near Pedro bentonite gnarry; tuff, white, hard,
essentially unaltered; top of bed.

Weston County. Pierre shale. (T. 45 N., R, 62 W.) probably Newcastle
district. (Spence, 1924, p. 14.) Bentonite.

Weston County. Pietre shale. Southeast of Newcastle. Analysts, Phillips
and Bates. (Ball, 1907, p. 238; O'Harra and others, 1908, p. 25.) Shale,
greenish-gray, fine-grained, soft. Use: Iron content too low for Portland
cement material,

Wyoming--Continued

127-139. Yellowstone National Park. (Recent.) Norris Geyser Basin. Microscopic

examinations by H. E. Merwin. (Allen and Day, 1935, p. 484, 232, 483,
485,) Spring sediments. Index map, Mineralogy.

127. Large mnd spring, eastern edge south section, Lab. No. 1.

128. Small clear spring, center south section. Lab., No. 2.

129, Large, hot, muddy pool; east side of Porcelain Basin. Lab. No. 8.
130, Very acid, muddy spring, east of new museum. Lab. No. 20,

%131, Between Congress Pool and museum, east side of road, Lab, No. 22.
( Analysis shows 37, 2 percent S, 4.5 percent alkalies. )

132. lhregular sinter-lined crater, eastern edge, south section. Lab.
No. 27.

*133, Large deep pool, eastern edge south of Coral Spring. Lab. No. 30.
(Analysis shows 26, 0 percent S, 1.3 percent alkalies. )

*134. Large shallow pool, exweme southeast corner of basin. Lab. No. 31.
(Analysis shows 8. 3 percent S, 5.5 percent alkalies. )

*135. Gable Spring, north of Gray Lakes. Lab. No. 32. (Analysis shows
10.1 percent S, 2.4 percent alkalies.)

*136. Deep spring northwest of Verma Spring. Lab. No. 59. (Analysis
shows 22.2 percent S, 1,0 percent alkalies.) Spring sediment,
black.

%137, Largest spring not far east of highway, northeast of Opal Spring.
Lab. No. 62, (Analysis shows 30.7 percent S.)

138, Crystal Spring. Lab. No. 67.

139. Mud pot some distance west of Sieve Lake. Lab. No. 73.

140-145. Yellowstone National Park, (Recent.)

140, From ravine near Great Fountain, Lower Geyser Basin, Fire Hole
River. Analyst, Peale. (Peale, 1873, p. 158, 145.) Spring deposit,
black, contains organic matter.

141. Shoshone Lake Geyser Basin, Analyst, Peale, (Peale, 1873, p. 158,
157.) Geyserite, bluish-gray, amorphous, laminated, dull luster;
hardness, 5.

142. Spring 8, Giant Group, Upper Basin. Analyst, Whitfield; collector,
Weed. (Clarke, 1915, p. 223.) Geyserite incrustation,

143, Near Splendid Geyser, Upper Geyser Basin. Analyst, Whitfield.
(Weed, 1889a, p. 670, 671.) Sinter. Interior greenish-gray;
exterior light-gray, fiberous.

144, Gibbon Geyser Basin, Echinus Geyser, No. 45. Analyst, Leffmann.
(Peale, 1883, p. 411, 409,) Geyserite, reddish thin coating,
uneven fracture; hardness, 5.

145, Heart Lake Basin, Rustic Group of springs at foot of Mount Sheridan,
(Allen and Day, 1935, p. 323, 232, 320-322.) Loose sediment
partially covering siliceous sinter lining of spring. Index map.
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TABLE 7.— Analyses of samples from Colorado, Kansas, Montana, North Dakota, and Wyoming containing uncombined silica and carbonates each less than 75 percent;

uncombined silica and carbonates each greater than clay (Group C) common and mixed rock categories

[samples of mixed rock category indicated by an asterisk (*). Chemical analyses arranged by State, county, and stratigraphic position J

Colorado Kansas
1 2 3 4 8 8 9 10 11 12 13
5C8-1 5C17-1 5C47-3 5C59-1 15C6-2 15C25-2 | 15C27-68 | 15C27-69 | 15C31-1 15C52-2 | 15C53-16
Si0z.evvuernnn ceen 25.1 23,51 30.7 56.33 32,07 61,21 62,42 65.12 33,18 43,65 60, 95
ALOgeseeresnareas Tr. 1.56 3.2 .1 3.99 12,28 1,12 1.34 11,33 14,11 .76
) -1 3.8 .30 4.0 .91 3.40 22,07 1,34 2,60 21,99 .25
FeO... . 3.56
MgO..cves.e 2.29 2.4 7.30 42,28 1,02 1,05 1.14 3,01
Ca0........ 39,15 32,9 14,01 430,70 17.62 17.06 34.23 23.72
Naz0 .veenne PR A1
HpO+uevnsnnen . 5.66 veeres ceenen cetaes veees PR vevees
HO-uivernernnean | O TEL T.51 S Tr,
TiO sevesnrennans .06 [ .82
PyO5eceeneerennnan Tt. .22 .04 .07 Tr. Nil
MRO.sovesecsonces | soenee 8,54 venoes vernes cedees vereen | eeaees ceeeen vensen vesees cennes PR
S tiriiriieieeenas (.01 9 (.08) Nil cenene
SO3 venneensnnnnan .12 Nil .07 Tt. .28 Nil
Ignition 1oss ....... | 1930.8  [11(30.86) | 1022.9 veeee. %3190 | ...l 215,30 16.20 12,65 | 228,00 | 222,42 16,73
Totaleeoseueons 97.5 369,14 96.1 79.38 T2.44 98,41 77.33 99,94 99, 68 98,63 99,47 99,18 1499, 56
Class uuvuvananans 21,9,68 20, 6, 69 21,19,55 | 54,5,40 | 21,20,58 | 15,12,70 47,2,51 | 85,12,32 60, 4, 36 61,7,27 31,5,62 | 34,17,46 59,3,35
Ca0/MgO...... vee mngne's ian magne.sian magne.sian calcare?us magne.s tan calcite calcite cesnes calcite ceenes calcite magne‘sian calcatef:us
calcite calcite calcite dolomite calcite calcite dolomite
Kansas
14 15 16 17 i8 19 20 21 22 23 24 25 26
15C53-14 | 15C53-17 | 15C53-19 | 15C53-23 | 15C53-18 | 15C53-20 | 15C53-26 | 15C53-24 | 15C53-13 | 16C53-15 | 15C53-21 | 15C53-22 | 15C53-25
8i0z.0eenen ereens 60, 62 61,10 62,70 63,50 62,26 63,11 64,42 64.02 58,02 60,86 63.30 63,32 64,38
AlyOz4ciennnnnnns . .03 1.32 1.84 1.86 .95 1.75 .08 107 1.49 2.40 1,08 .98 1.98
=1 1,48 .50 .42 .64 .21 .00 .92 .08 1,62 1,52 2,66 .18
MEOiieerionsnnnsn .00 .87 .37 .37 .55 .37 .00 .44 5,07 5.61 3,68 5,64
L oF: 10 N 21,24 19,92 18,22 18,08 20. 60 19,82 18,46 21.05 12.93 12,22 14,14 11,58
NayO+KzO eeennnns PPN cesenn ceneen 0.37 cesene PETTI
HyO“ ' ovvenennnnns .04 PETTRN cesene ceenes cesean .04
TiOg cevevvencnnns covers | eeseas .59
SO3 s .00 .09 .00 .00 .00 .00 .00 .03 .00 .00 .01
BaSO4vuvnee . cenvee PN cesine ceseas PETRT .00 PN seenan ceseee
Ignition 10ss....... 16,31 15.68 16.00 15.20 15,24 14.95 15,74 14,55 16. 60 16.92 15.70 15,04 16,16
Total .vvvunnns 99.172 99,48 99,55 99,65 99.81 100, 37 99, 66 100, 00 98,30 99,90 99.55 99.83 99,92
Class seeeiensnnnns 59,4, 36 58, 5,34 89,17,33 59,17,33 60, 3,34 60, 5,33 63, 3,33 61,5,32 55,5,37 | 55,11,34 60,7,32 59,9,31 61,17,32
Ca0/MgO........ . calcite m:f;‘::;m calcite calcite calcite calcite calcite [ calcite c;;f::;:’ ..... . cresse ereeas

[standard purity graphite electrodes used.

Spectrochemical analyses

A dash (-) indicates element not present in detectable amount, except St present in all samples but not determined. Zn and Ag
looked for in all samples but not detected 1

6 8 11 6 8 1
0.0001 - 0.01 0.0002 | 0.0005 | 0.002
.04 0,005 .00l - - . 0002
Voeteettttiaeieeeiaieesrenanaesaaass | 0015 .04 .0005 S eerriinneennnnan - . 003 .02
[« S eterreeriereveseeeseeeeees | 0003 .015 . 005 BA rrrrreeeenreinnanes - .002 -
Mil.eioeerareersnseesossnneacasonnees | .036 .03 . 025 Pb iverannnnn. cererecsiniesrineseenne | TH . 0005 . 005
Nivoveeerosensasasncoseesansosasones | 200005 [ 001 .01
! Includes MnO, ZrG,, V,05 and Tatii0°c. 2 105°-1,000° C,

TiO, if present,

Total iron.

3 Carbonate, 0. 16 percent.

4 Calculated from reported MgCO;g or CaCOy.
5 Above 110° C,

§ Reported as organic matter.

2

8 As carbonate.

® Not included in total,
included in ignition loss.

10 peported as CO;, .

u Reported as CO,. By difference,
not included in total.

13 a0, ZnO, and GuO reported as faint trace;
sr0 and ZrO, reported as none.

14 peported BasSO, as nil.

!5 Average of two tests.
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COLORADO, KANSAS, MONTANA, NEBRASKA, NORTH DAKOTA, SOUTH DAKOTA, WYOMING

DESCRIPTIVE NOTES

CFirst page number in reference indicates source or analysis]

Colorado

Chaffee County. Pennsylvanian, Weber formation, upper part. Secs. 21 and
22, T.13S., R. 77 W., Trout Creek Pass, Analyst, Hills, Lab. No. 3.
(Johnson, 1940, p. 593, §73-575, 589, 590.) Algal limestone, large quantity
of included foreign material. Description of organism which built colonies.
Index map, detailed measured section, (For other analyses of algal limestone in
Colorado, see sample 3 this group, and sample 8 group A, sample 94 group B,
samples 7and 20 groupF;, and samples16 and 70 group F, of this compilation, )
Dolores County. Pennsylvanian, Hermosa formation, lower part. (T. 40 N.,
R. 11 W.), Forest-Payroll mine, Rico District. Analyst, Hillebrand, (Ran-
some, 1901, p. 283, 239, 282, 346, pl. 41,) Limestone, light-buff, sili-
ceous, fine-grained, laminated; in blanket 5-6 ft thick; partially altered

to sooty material, Index map, geologic map. An analysis of the alteration
product or residue of the limestone is also given.

Park County. Weber formation, upper part. NEj sec. 22, T. 11 S.,

R. 78 W., Sherman's ranch. Analyst, Hills. Lab. No. 4. (Johnson, 1940,
p. 593, 573, 582, 583.) Algal limestone, dark-gray; irregular bed 6-8 cm
thick in black shales, Description of organism which built colonies. Index
map. (For other analyses of algal limestone in Colorado, see sample 1 this
group, and sample 8 group A, sample 94 group B, samples 7 and 20 group Fy,
and samples 16 and 70 group F; of this compilation, )

Summit County. Pennsylvanian, Minturn formation (A. H. Koschmann,
written communication, 1956). (T. 7 S., R. 79 W.), Robinson mine

(1. 5 miles southwest of town of Kokomo). Analyst, Eakins, (Clarke, 1915,
p. 220,) Sandstone,

Kansas

Bourbon County. Pennsylvanian, FortScott limestone, lowerpart. (T. 258.,
R. 25 E.) cement works north of town of Fort Scott. Analyst, Bartow. (Haworth,
1898, p. 67.) Limestone, about 4 frthick. Use: Cement material. (For another
analysis from same measured section see sample 30, group Fy of this compilation. )
Brown County. Pennsylvanian, Wabaunsee group, Auburn shale member.
SWi sec. 29, T.1S,, R, 18 E. Lab. No. 51273. (Runnels and Schleicher,
1956, table 12, pl. 1, p. 86, 97.) Limestone, 7 ft thick. Chips from con-
tinuous surface, Index map, résumé of spectrographic results.

Cherokee County. Mississippian, Warsaw limestone, or Keokuk(?) lime-
stone. (T. 34 S., R, 25E.) town of Galena, Analyst, Robertson, Lab.
No, 355, (Winslow, 1894, p. 731; Haworth and others, 1904, p. 79.)
Limestone, cherty.

Elk County. Pennsylvanian, Topeka limestone, Hartford limestone member.
SW} sec. 12, T. 30 S., R, 10 E. Lab. No, 5381, (Runnels and Schleicher,
1956, table 13, pl. 2, p. 86, 97.) (Calcareous shale), 4.1 ft thick. Chips
from continuous surface, Index map, résumé of spectrographic results,
Ellsworth County. Lower Cretaceous, Kiowa shale, SEf sec. 19, T.16S.,
R. 6 W, Lab. No. 8973, (Swineford, 1947, p. 91, 59, 90, 93,) Calcareous
sandstone. Soluble in HC1, 37.00 percent. Bulk density, 2. 65, Estimated
tonnage, outcrop map, physical tests, Use: Dam construction. Possible
use: Concrete aggregate.

County, formation, locality, and reference as in sample 9, Lab, No, 12709.
Calcareous sandstone; rock dust from crusher. Soluble in HC1, 32, 00 percent.
Bulk density, 2,66. Estimated tonnage, outcrop map, physical tests.

Geary County, Permian, Barneston formation, Florence limestone member.
NW} sec. 10, T. 12 S., R. 5 E. Lab. No. 53158, (Runnels and Schleicher,
1956, table 4, pl. 1, p. 86, 97.) Limestone, 24 ft thick, Chips from con-
tinuous surface. Index map, résumé of spectrographic results.

Leavenworth County. Pennsylvanian, Wyandotte limestone, Argentine lime-
stone member, SWi sec. 18, T. 12 S., R. 22 E. Lab. No. 49275. (Runnels

13.

14-26,

Kansas--Continued

and Schleicher, 1956, table 20, pl. 3, p. 86, 97.) Limestone, 8 ft thick,
Chips from continuous surface. Index map, resume of spectrographic results.
Lincoln County. Upper Cretaceous, Dakota sandstone or upper part of Kiowa
shale. NW} sec. 7, T.12 S., R. 10 W, Analyst, Runnels. (Frye and
Swineford, 1947, p. 373.) Quartz sandstone, buff to gray, fine- to medium-
grained; dense to homogeneous; crossbedded. Generally occurs in lenticular
masses in loose sand partly cemented with iron oxide. Soluble in HC1, 37.13
percent. Cross profile, particle size distribution; photographs of solution
features, (See also: Swineford, 19417, p, 74, 59, 72, 93, Calcareous
sandstone, outcrop map. Possible use: Concrete aggregate.)

Lincoln County. Dakota sandstone. (Swineford, 1947, p. 91, 59, 90, 98.)
Calcareous sandstone, Outcrop map. Possible use: Concrete aggregate.
14-17, Sec, 6, T.12S., R. 7 W. Physical tests.
14, Lab, No. 24711, Apparent bulk density, 2.65. Soluble in
HC1, 40.50 percent.
15. Lab. No, 6128, Bulk density, 2,64. Soluble in HCI,
34,78 percent,
16. Lab. No. 9820,
37.28 percent.
17, Lab. No. 9819,
36. 08 percent.

18, NE} sec. 12, T.12 S., R. 8 W. Lab. No, 23934, Sample from
material lost in Los Angeles abrasion test, Soluble in HCI,
35.00 percent.

19, NEji sec. 12, T.12 8., R. 8 W. Lab. No. 23934. Bulk density,
2,63, Soluble in HCl, 34,91 percent. Physical tests.

20, NE} sec. 12, T. 12 S., R. 8 W. Lab. No. 247717, Apparent bulk
density, 2.65. Soluble in HCl, 37.54 percent. Physical tests,

21. NE} sec, 12, T.12 S, R, 8 W. Lab. No. 9819. Occurs in lentils
in sec. 12, 13, 14, 23, and 24, T. 12 S,, R. 8 W. Soluble in HCIl,
35.27 percent.

22, Sec. 13, T.12 8., R. 8 W. Analyst, Runnels. (Swineford, 1947,

p. 74, 59.) Soluble in HCl, 39.74 percent. Ouicrop map. (See also
Frye and Swineford, 1947, p. 373, 367, 368.  Dakota sandstone
or Kiowa shale, upper part, Analyst, Runnels. Lab. No. 2, Quartz
sandstone, buff to gray, fine-to medium-grained, dense, homo-
geneous, crossbedded, Generally occurs in lenticular masses in
loose sand or sandstone partly cemented with iron oxide, Particle
size distribution. )

Bulk density, 2,61, Soluble in HCI,

Bulk density, 2.62. Soluble in HC1,

23-26, NEj sec. 7, T.12S., R.10 W.

23. Quartzite Stone Co. quarry. Lab. No. 23997, Area con-
tains large lentils of hard sandstone 0.5 mile in diameter and
up to 50 ft thick., Bulk density, 2.60. Soluble in HCI,
37.97 percent. Estimated tonnage. Physical tests.

24. Soluble in HC], 35,01 percent.
25, Lab. No, 27423. Bulk density, 2.56. Soluble in HCI,
34,04 percent. Insoluble residue 65.96 percent.

Physical tests.

26, Lab. No. 11562, Bulk density, 2.61. Soluble in HCI,
35.22 percent. Physical tests.

65
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TABLE 7.— Analyses of samples from Colorado, Kansas, Montana, North Dakota, and Wyoming containing uncombined silica and carbonates each less than 75 percent;

uncombined silica and carbonates each greater than clay (Group C) common and mixed rock categories--Continued

Kansas
217 28 29 30 31 32 33 34 35 36 37 | 38
. 15C56-1 | 15C57-8 | 15C57-9 | 15C57-7 | 15C58-1 | 15C66-1 | 15C77-10 | 15C80-7 | 15C81-1 | 15C81-2 15C82-2

Si024eesrasecrreeraseesnacnss | 36,62 60,29 61.61 55,88 28.25 24.02 55.08 62,57 60,71 24,93 90,40
AlOgeevuiereernecerenaneanes | 15.67 22,07 1.31 22,37 3.6 32,03 1,07 1.06 3.70 .46 2,38
FEa08uununconnissnracerannes 1.86 .19 .52 .50 4,42 4.62 .11 .90 4,52 412 1.98
MEO..eranerersnassansnssonss .92 1.42 5.75 6.92 .60 1.1 .80 .20 .46 1,14 .29
Ca0.iiueisuserasasnoanneanes | 29,39 17,82 16.07 13,51 38,71 39,55 22,50 20,39 19,91 40,24 .42
NagO vevvennanannen 5 Nil
ceeens 3.05

.18 .21 .87

.13 6 Nil § Nit .06 .07 .04 .14

7(.02) Nil

Nil 81,37 .00 .07 Tr. L1 .00 .00 .56 .20

210 O TN 91,94 0,00 o 00 o0
IgNItion 1088 veveuiennarnaaaees | 23,84 13, 61 16,48 18.35 | “30.92 | “a31.38 20,32 13,99 | 116,20 | 1132.29 | 219,03 2 61
Totaleesusssassoesasanses | 98,48 98.71 101,92 97.60 99,72 | 1398.89 99,88 99,32 99,10 99,82 97,82 100, 00
Clas8 cuuverennnnennaseeananess |25,22,50 | 56,7,29 | 59,5,35 | 51,8,37 | 26,3,69 | 20,8,69 | 53,5,42 | 60,5,81 | 59,3,36 | 24,2,73 | 84,22,39( ......
CAO/MEO.uvvrunernneennnenns | calcite | ....., [COlcareousfcalcatecus| ..o | calcie | calcite | ...... | calcite | caleite | calcite | ......

dolomite | dolomite
Kansas Montana North Dakota

38 | 40 41 2 43 44 45 46 47 48 49 50
15C92-2 15C101-16] 15C104-1| 25C12-2 | 25C15-2 | 25C16-6 | 25C16-23 | 33C21-8 | 33C21-4 | 33C21-6 | 33C21-9

cees.. | 1423,50 |1425.24 [5(34.27) [15(25.81) [15(29,98) |5(61.42)

41,95 90,20 62.56 51.55 44,80 35.58 31,57 20,71 26,217 60,45

6,53 3.76 22,12 33,14 8.96 3,40 -

2260 187 L4g 7,03 1.56 } 2,50 5,30 2.70 3.53 3,94 5.13

42,85 .87

MEO.euvrunnnerenncasnns .62 .40 .72 .90 5.90 10,09 162,95 | 812,07
[oF: 1o R 4 N .45 16,71 15.82 16.42 19,72 | 638,01 | 622,53 33,77 42.66 37.02 14,08
NazO cvvverseronronnvnnnennne | sevens 5.58 .46 .43 .51
KgO tvrennnseornnonnennnsonns | eonens 1,91 .68 2.14 1.21
R TS [TTTOTE EOTUTR TR }1,3 o {”2.93
HyO svvuneonnansesscanacnene | sanene : 9,17 veere. (15(15,79) |15(18.95) | 15(2.28) {15(13.30)
TiOz cvvennvsarenncosssancase | sesres .87 .31 .
PaO5 teverorncnnaasanconsenes Nil .09 .
COzvovnennencensancanescssee | caeses teeeae | 15,42 23. 80 ..
SO3 soeesnnsnarnsensscaseness | 2 Nil .00 Nil . ..
BaO........ .00
IgNItion 1088 vovesraseonsansans |1216.87 2 46 14,17 | 114,33 203 veewn. | 228,08 | 232,78 | *29.60 | ®18,99
TOtaleevassessnsneasase | 97.80 100. 30 97,77 100. 00 100. 62 99.87 66. 96 65.14 96,12 99, 68 96.83 98. 65
Class vevvevnsonnoeranssassass |33,26,33 veee.. | 57,10,30 | 44,26,27 | 29,28,33 | 28,16,51 | (19,7)73 | (16,16)65| 27,9,60 { 15,10,73 | 20,12,65 | 52,22,25
MgO/CaO.................... calcite ceaees c;:f:::;;:s c;:f::;:’ m:i?:::n c:;f::;::’ calcite calcite calcite calcite

Spectrochemical analyses

[standard purity graphite electrodes used. A dash () indicates element not present in detectable amount, except St present in each sample but not determined.
Zn, Mo, Sn, and Ba looked for in each sample but not detected ]

31 32 36 42 31 32 36 42
- R - 0,002 0,02 Ni covrvveeaneencncocecseronanasss | 0.0003 0,0005 0,0003 0.002
. .01 Tr. .001 .08 CU sievunssnnnccrarnasvansorsaness .00003 .002 .0005 .000025
. Tr. - Tr. .05 - - - .00001
L0 I .0005 0,001 .0005 .01 - - - .02
L .008 .20 .03 .25

! Includes MO and TiO,.

2 Jncludes TiOj .

% Includes MnO, ZtO;, V305, and TiO, if present.
* Total iron.

s By difference.

® Repotted by Frye and Swineford (19417, p. 373),
7 Not included in total, included in ignition loss.
8 Includes 1.01 percent SO calculated from reported BasO; ,
® Calcnlated from reported BaSOy .

16 Reported as BaSO; .

U 105° - 1,000° C,

2 140° - 1,000° C.
899,34 in text,

% Reported as insoluble (Silica), (Peale, 1893, p. 40).

5 Not included in total,
16 Calculated from reported MgCOs
17 Above 110° C.

or CaCOs.

! Derermined by loss on ignition, cotrected for CO;

and oxidation of ferrous iron,
ot 110°C,

20 presence of small amount of carbonaceous matter

determined qualitatively,
2 Reported as S.
2 Reported as C.
2 Ignition loss on dry basis.
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[First page number in reference indicates source of analysis]

Kansas~--Continued

Lyon County, Pennsylvanian, Dover limestone. NW}SW% sec. 25, T. 16 S.,
R. 12 E, (O'Connor and others, 1953, p. 25, 32, 33, pls. 1, 2.) Limestone,
outcrop sample, composite of entire bed, 1,5 ft thick. Geologic and eco-
nomic maps, geologic cross section.

McPherson County. Lower Cretaceous, Kiowa shale. Analyst, Runnels,
(Swineford, 1947, p. 74, 59, 100, pl. 5,) Outcrop map.

28, Sec. 25, T. 17 S,, R. 1 W, Sandstone, calcite-barite cement,
Soluble in HCl, 35.45 percent. (Similar sample in Frye and Swine-
ford, 1947, p. 373, 367, 368. Kiowa shale, upper part or Upper Cre-
taceous, Dakota sandstone. NEf sec.25, T. 17 S., R. 2 W.)
Lab, No. 4. Quartz sandstone, buff to gray, fine- to medium-
grained, dense, homogeneous, crossbedded. Generally occurs in
lenticular masses in loose sand or sandstone partly cemented with
iron oxide.

29. Sec, 19, T. 17 8., R. 2 W. Sandstone, dolomitic cement, Isolated
outcrop, Soluble in HCl, 36,08 percent. Photomicrograph. (See
also Frye and Swineford, 1947, p, 373, 367, 368.  Remarks as in
sample 28. Lab, No. 3. Particle size distribution.)

30, Sec. 1, T.188S,, R, 2 W. Sandstone, dolomitic cement.
in HCl, 41.34 percent. Possible use: Concrete aggregate,

Soluble

Marion Gounty. Permian, Barneston formation, Florence limestone member.
SE% sec. 6, T.21S., R, 5E. Lab, No. 53194, (Runnels and Schieicher,
1956, table 4, pl. 1, p, 86, 97.) Limestone, 22,1 ft thick. Chips from
continuous surface. Index map, résumé of spectrographic results.

Nemaha County. Permian, Cottonwood limestone. NE} sec. 24, T.3S.,
R. 14 E. Lab, No. 51323, (Runnels and Schieicher, 1956, table 9, pl. 1,

p. 86, 97,) Limestone, 4 ft thick, Chips from continuous surface,

Index map, résumé of spectrographic results.

Rawlins County. Pliocene, Ogallala formation. Sec. 10, T. 4 S., R. 36 W.
(Frye and Swineford, 1946, p, 63, 62, 71,) Chert, gray to white to cream-
colored; mottled on exposed surface, Maximum thickness 12 ft. Physical
tests. Bulk density, 2.21, Possible use: Railroad ballast, riprap, road metal.
Rice County. Kiowa shale. Sec.26, T.20S., R, 10 W., near town of
Raymond. Analyst, Runnels. (Swineford, 1947, p. 74, 59, 93, 100, 101,)
Sandstone, calcite cement, 5 ft thick. Outcrop sample. Soluble in HCI,
34,58 percent, Outcrop map, Possible use: Concrete aggregate.

Riley County. Permian. Chips from continuous surface. Index map, résumé
of spectrographic results.

35, Beattie limestone, Morrill limestone member. Sec, 10, T.8 S.,
R.7E. Lab,No.48176. (Runnels and Schleicher, 1956, table 9,
pl.1, p. 86.) (Calcareous shale), 3 ft thick.

36. Wreford limestone, Threemile 1imestone member, Sec.2, T.8 S.,
R.6 E, Lab. No.49405, (Runnels and Schleicher, 1956, table 6,
pl. 1, p.86,97.) Limestone, 10 ft thick.

Rooks County. Upper Cretaceous, Niobrara formation, Fort Hays limestone
member. SW§ sec. 34, T, 7 S., R.19 W, Index map. (For another analysis
from same measured section see sample 309, group F; of this compilation.)

37, Lab, No.Ro=4-Ala. (Runnels and Dubins, 1949, p. 22, 4, 9, 24.,)
Chalk; lower part of basal bed. Insoluble residue, 51,46 percent,

38, Lab, No. Ro=4-Alal, (Runnels and Dubins, 1949, p.23.) Analysis of
coarser portion of insoluble residue of sample 37,

Smith County, Niobrara formation, Fort Hays limestone member, NE} sec.
32, T.5S., R. 13 W, Index map, columnar section, (For other analyses from
same measured section see samples 333 - 338, group Fy of this compilation, }

39, Lab, No, Sm-1-la, (Runnels and Dubins, 1949, p, 22, 4, 9, 24.)
Chalk, Composite sample from first foot of basal bed. Insoluble
residue, 61,16 percent.

41,

42,

43,

45,

46.

47-50,

Kansas-~-Continued

40, Lab, No. Sm-1-1al. (Runnels and Dubins, 1949, p. 23.) Analysis
of coarser portion of insoluble residue of sample 39,

Washington County. Dakota sandstone, Sec, 11, T, 3 S., R. 4 E.
Analyst, Runnels. (Swineford, 1947, p. 74, 59, 93.) Sandstone, calcite
cement, Soluble in HCl, 34,28 percent, Outcrop map, Possible use:
Concrete aggregate,

Woodson Gounty, Pennsylvanian, Stranger formation, Westphalia limestone
member, NW% sec, 1, T. 25 8., R, 15 E. Lab. No, 52322, (Runnels and
Schleicher, 1956, table 17, pl. 2, p. 86, 97.) Remarks as in samples 35-36,
Calcareous shale, 3.5 ft thick.

Montana

Deer Lodge County, Precambrian, Newland limestone, Sec, 6, T.5 N.,
R. 13 W., gorge below Georgetown Lake, Analyst, Schaller. (Emmons and
Calkins, 1913, p. 45, 19, 44, pls, 1, 2,) Limestone, impure, dark, fine-
grained; stained with yellowish-brown ocher on weathered surface. Index
maps, geologic map, Petrographic data given.

Flathead County, Precambrian, Siyeh formation. (T.37 N., R, 20 W.)
cliffs of Sawtooth ridge, 1.5 miles east of Lower Kintla Lake. Analyst,
Ditrich. Lab. No, 1306. (Daly, 1912, p. 75, 71-76,) Limestone, impure,
Sample tepresents average composition. Bulk density, 2,741, Calculated
mineral composition, molecular percentage. General description of forma-
tion, measured section.

Gallatin County. Precambrian, Belt series. (T.2N., Rs. 1 and 2 E.)
north of East Gallatin River, near town of Three Forks, Analyst, Catlett;
collector, Peale. ({Peale, 1893, p. 16, 17, pls. 1, 4; Clarke, 1915,

p. 238,) Limestone, siliceous, General description: Occurs in bands, 5 to
20 ft thick, many beds blue-black on fresh fractures with light yellowish-
brown on weathered surface; finely laminated; in series with sandstones,
conglomerates and slates. Geologic map, columnar section.

Gallatin County. Upper Mississippian and Pennsylvanian, Quadrant formation.
North of Gallatin River. Analyst, Catlett; collector, Peale. (Peale, 1893,
p. 40; Clarke, 1915, p. 238.) Limestone, red, argillaceous. Geologic map.

North Dakota

Hettinger County. Oligocene, White River formation. Sec, 17, T. 136 N,,
R. 93 W., Golgrove Butte. Analyst, under supervision of Burr. Correlation
(fence) diagram. Overburden, estimated tonnage. Index maps, geologic
maps, detailed measured sections or logs of drill holes. Use: Not useful for
cement material due to chert content, low calcium carbonate content, or
thin beds.

47, NEINE§ sec, 17, Lab. No, 48-11, (Hansen, 1953, fig. B, p. 44,
134, 137, 145, figs, 6, 14.) Limestone, contains chert, about
1 ft thick.

48, NEINE} sec, 17. Lab, No. 48-5. (Hansen, 1953, fig. 7B, p. 44,
134, 137, 145, figs. 6, 14.) Calcareous clay, about 1 ft thick.

49, SWiNW} sec, 17, Lab. No. 34-2. (Hansen, 1953, fig. 7B, p. 44,
134, 1317, 154, figs. 6, 14.) Limestone, gray, dense; brown chert
in upper 18 in.of bed 2 ft thick.

50 NEISE} sec. 17. Lab. No. 11-2, (Hansen, 1953, fig.7A, p.44, 134,

137, 154, figs.6, 14,) Clay, gray-green, calcareous, soft, blocky;

16,5 ft thick, (For another analysis from same measured section see

sample 26, group Fy of this compilation.)
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TABLE 7.~ Analyses of samples from Colorado, Kansas, Montana, North Dakota, and Wyoming containing uncombined silica and carbonates each less than 75 perceat;

uncombined silica and carbonates each greater than clay (Group C) common and mixed rock categories--Continued

North Dakota Wyoming
51 52 53 *54 55 56 *57 *58 *59 *60 *61
33C21-5 33C21-7 | 33C45-172|33C45-173| 49C1l-4 49C12-58 | 49C12-70 | 49C12-71 | 49C12-72 | 49C12-73| 49C12-T74
Insolublel toivenenrinernsnseanrnrnnenaas (29,41) (48.77) (43.68) (35.19) } 29.87 {(64.7) (16.2) (22.7) (23.8) (27.3) (28.0)
30,01 40.39 27.54 : 53.36 16.02 21,25 21.20 25,91 25.87
1.51 7.5 1.2 1.7 2.0 2.7 2.8
414 | 498 { o } 181 { e Ts 1 T T T
3.38 Tr. 5.8 6.7 5.9 9.0 3.3 5.0
38,37 29,84 33,02 39.83 10.00 35,00 30.9 26.7 29.4 27.8
sessan PPN .40 .1 .42 .30 .63 .60
essene 4.10 .83 1,85 2.29 2.26 1.53
. 21,27 21,95 22,29 22,30 2 4,02 23,30
1(9.68) | '(2.13) | ‘(2.38) .33 .55 .71 .10 1.38 1,30
ceeene ceenns .18 A7 .31 A1 .21 .21
ceseae cosven .26 15.69 13.3 6.9 15,5 12,8
,,,,,, 31,00 13.3 1.1 16.0 23.5 8.6 12,5
ceenes ceeses .39 1.2 1.5 1.1 2.3 2.1
PPN cerene .09 .05 .05 .06 .06 .08
ceevne .12 1.6 1.6 .82 1.7 1.4
ceseee 3.,0003 cesaee cereae cecsan
Chem. U.. ceseee .002 .002 . 004 .002 .006 .004
IZRILION 1088 eevvvvuenenrensnsosnnsnnsas 41,39 25,94 4,81 veeees 11(34,9) [1(20.2) [1(19.0) |1(26.5) |'(14.0) |!(i7.1)
SUDLOTAL. vt enaveeesansannnearasnnns 99,602 | 100,9323( 98,684 98,182 99.276 98,694
LessO®,........ .05 .67 .67 .35 .12 .59
TOtaleseseaananonasesasconssnnsoons 95, 30 98.46 99, 05 95.12 95. 51 99.6 100.3 98.0 97.8 98.6 98.1
Class ceneevncssncncassennsnananeenasses |15,12,69 |23,12,57 [ 32,15,51 | 24,11,53 | (21,4)70 | 37,28,28 | 12,9,38 17,10,34 | 16,11,49 | 20,15,18 | 19,15,27
magnesian . . magnesian calcareous | calcareous | calcareous
Ca0/MBO.trerennrinenarannnrassonnonns cflcite calcite calcite cilcite calcite dolomite | dotomite | dolomite ceenes
Wyoming
| *62 *63 *64 *65 *66 617 _*68 69 70 7 72
49C12-75 | 49¢12-76 | 49C12-77 | 49C12-78 | 49C12-79 | 49C12-57 | 49C12-80 | 49C12-59 | 49C12-60 { 49C12-61 | 49C12-56
Insoluble! suuviuennenirnsnnonasneonaenes (24.4) (25.5) (40,2) (28.8) (29.2) (28.7) (47.4) (27.6) (41.2) (38.6) (35.86)
£ 22,71 22,93 36,28 25,16 26.12 25,56 38,32 22,98 35.27 32,32 30,02
AlOgeseesrennrecsnencnans . 2.2 1.3 2,4 2.4 2.3 2.2 4.6 2.6 5.8 3.4 4.3
FE)O3eneeuenssarencnssntoncnsnnnsnsnnes 13 1.2 19 .8 .8 .9 2,1 1.2 2.1 2.0 1.5
MEOieuieerrrncretnanscnsesnssaonsanses 3.7 2.5 4.8 9.1 10.3 12,4 8.4 1.8 2.1 4.9 10.0
CaO... tesescessenssesncntasosesn 30.4 26.7 21.5 24.53 24,20 23.2 16.2 36,40 26.80 25,60 22,20
Na,0 .. tesreasiatcesasaresnaransen .70 1,02 1.10 1.00 .80 .45 1.19 1.10 4 .90 1,00
K0 ... 1.88 1.30 2,03 .97 1.05 .85 2.17 .70 1,45 1.47 1,22
HzO‘rz cseeseans 3.51 2.05 3.81 1.50 2.66 2.49 2.41 1.11 .96 1.48 1.39
HO-teeeinnnen 1,39 .15 1.19 .60 .54 .41 .59 .29 .34 .32 .31
TiOpeeesesrananns .21 .23 .36 .13 .26 .08 .06 .06 .19 .01 .31
PaOgeceascnnes 16.4 6.4 6.0 7.08 4,7 1.90 1.55 .80 2,11 .20 .81
COp seveeenenesesancsessnaescancsacanns 9.8 22.9 11,6 22.6 24.4 28.6 19.5 29.3 20.8 24,8 26.6
SO3 cosecevensssesssosssocnsscansnosnes 2.7 1.3 3.1 1.2 1.0 .71 .63 .60 .90 .85 .48
V05 ceteeeanaanasnersesssnsccasasnnans .09 .18 .23 .05 .05 .04 .05 .08 .06 .08 .06
Feaeesosnanecanencnsssssccsssssannsnnas 1.8 .71 .88 .15 .50 .21 .19 .10 .24 .12 .15
Chem, Useeeeoseeisseionensonaceannnss .010 .002 . 007 .001 . 000 . 007 .001 . 0005 . 0005 001 . 001
Ignition 1088t et eeiiiiatieneanecnnaaans (14, 7) (25.7) (16.6) (24,17) (27.6) (31.5) (22, 5) (30.7) (22.1) (26.6) (28.3)
SUDLOLAlesseerereceacranaronsasnnnns 98.860 98.472 917,187 98.471 99. 730 99,987 97,961 99,1005 99. 8605 98,451 100, 351
Less O % uuiniiiniieiineiinnnnniecsennans .76 .30 .37 .32 .21 .09 .08 .04 .10 .05 .06
Total . 98,1 98,2 96.8 98.2 99,5 99.9 97.9 99.1 99.8 98.4 100.3
ClaSS cocevseenrorarasnnnnsnssssnsssnses |17,13,20 19,9,49 | 30,14,25 | 21,10,46 | 21,11,52 | 21,11,60 | 28,20,41 | 17,11,66 | 23,22,46 | 24,15,54 | 21,17,567
Ca0/MBO . cveearrecrccsnsnsscssanssnanes ‘calcare.ou,s veeses | dolomite | dolomite | dolomite | dolomite magpesian magne‘sian magne.sian calcareous
dolomite calcite calcite calcite | dolomite
See following page for footnotes. Semiquantitative spectrographic analyses
[E=0.01-0.1 percent; F=0.001-0, 01 percent; G=less than 0,001 percent; ND=not detected. Li, Be, Co, Ga, As, Cd, Sm, Sb, Ta, W, Pt, Au, Hg, Pb, and Bi looked for
in ail samples but not detected ]
56 57 58 59 60 61 62 83 64 65 66 67 68
Beerrevronnnnns F F F F F F F F F F F F F
[0} F E E E E E E F E E E E E
Mi..ooeanonens E F F F F F F F F F F F F
Nicessoosennoes F F E E E E E F E F F F F
G G G G G G G G G G G G G
ND ND E E E E E E E ND ND ND ND
F E E ND E E E ND ND ND ND ND ND
4 E F F F F F F F E F F F E
Cbuevirverannsns E ND ND ND F F E F E ND ND ND ND
MOcesrsnnnnnns F ND F F F F F F F F F F F
Af ceeiriannans G G G G G G G G G G G G G
Ba tiovenninnes E E ND ND ND ND ND ND E ND ND ND ND
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Semiquantitative spectrographic analyses--Continued
69 70 71 72 69 70 i 72

F F 13 13 S esicanoosonorosaassancssasssscane ND ND ND ND
CI eeesnnesneascesansncsccossssnnns E E E 13 Zr..... teesesucsrrtiacsacanrenns E E F E
- O E E E E Cb tvrrurnraenessretrsienscnssnsans E E ND ND
Niciessreasarsascssnsatssssracosane E F F F MO iieassesnnaacacscenssscsancnnas ND F ND F
CU tiveeenneassscnsnsacscnsassaaens G G G G . - S ND ND ND ND
2+ R ND ND ND ND - R PP T E E ND ND

! Not included in total (except 55) . 8 Composite of four c tive samples.

? (Calculated by compilers; ignition loss less CO, and * (Loss on ignition less CO, .)

less H,O-; probably contains some F and S.) 5 (Calculated from F by compilers.)

DESCRIPTIVE NOTES
CFirst page number in reference indicates source of analysis]
North Dakota--Continued Wyoming--Continued
51-54. Oligocene, White River formation. Analyst, under supervision of Burr. Over- rock, argillaceous, dolomitic, brownish-black. ~Fossiliferous.

55,

56-72.

burden, estimated tonnage. Index maps, geologic maps, detailed measured
sections or logs of drill holes.
51-52. Hettinger Gounty. NE4NEj sec. 7, T.136 N., R. 94 W., School

83,

*54,

Butte. (Hansen, 1953, fig. 11, p, 44, 134, 138, 159, figs. 10, 14.)
Limestone. Correlation (fence) diagram. Use: Not useful for cement
material due to low calcium carbonate content, thin beds, and large
amount of overburden.

51. Lab. No. 19-5. Limestone, gray, 11 in.thick.

52. Lab. No. 18-1, Limestone, gray~-white, clay inclusions;

1 ft 8 in. thick.

Stark County. SWiNW} sec.30, T.137 N., R. 94 W., Long Butte,
Lab. No. 14-5. (Hansen, 1953, fig. 9A, p. 44, 134, 138, 156,
figs. 8, 14,) Limestone, gray, weathered; about 50 percent chert,
1 ft 2 in.thick. Correlation (fence) diagram. Possible use: Cement
material, (For other analyses from same measured section see sam~
ple 66, group E and sample 37, group F, of this compilation.)
Stark Gounty. SWi sec.36, T, 137 N., R.94 W., Straight Butte.
Lab. No, 29-1, (Hansen, 1953, fig. 134, p. 44, 134, 138, 161,
figs. 12, 14.) (Analysis suggests 7.1 percent more GaO and MgO
than required for carbonates.) Limestone, chert, and clay inclusions;
6 in.thick, Use: Not useful for cement material due to thin beds.

Wyoming

Albany County. Upper Cretaceous, Niobrara formation. (T. 16 N.,R.T3WJ),
west of town of Laramie. Analyst, Wells. (Clarke, 1915, p.237.) Limestone.
Lincoln County, Permian, Phosphoria formation, Meade Peak member.
Sec. 7, T.26 N., R. 119 W, Analyst, under supervision of Walthall; spectro-
graphic analyst, Mortimer. Trenchsamples, Modal grain size given. In-
dex map, outcrop map; generalized columnar section, detailed columnar
section, Mineralogy. (For other analyses from same measured section see
analyses in Lincoln County in other groups of this compilation. )

56-58. (McKelvey and others, 1953, p. 15, 19, 2, 20, 23, pl. 1;

Gulbrandsen, 1958, p. 14, 5, pl. 1,)
56. Lab. No. VEM-6-47. Mudstone, dolomitic, grayish-brown.
Bed P-6, 2,6 ft thick, 137.95 ft from top of member.

*57. Lab. No. VEM-10-47, (Analysis suggests 37.2 percent phos-
phate, 2.6 percent gypsum; shows 1,6 percent alkalies. )
Phosphate rock, dolomitic, brownish-gray. Contains pellets.
Bed P-13, 0,9 ft thick, 133,15 ft from top of member.
Lab, No. 2070. (Analysis suggests 31,5 percent phosphate,
3.2 percent gypsum; shows 2.1 percent alkalies,) Dolomite,
phosphatic, argillaceous, brownish-gray. Fossiliferous, con-
tains incipient pellets. Bed P-17, 0.4 ft thick, 128,65 ft
from top of member.

59-61. (McKelvey and others, 1953, p. 15, 19, 2, 20, 23, pl. 1;

Gulbrandsen, 1958, p. 13, 5, pl. 1.)
*59. Lab, No, 2071, (Analysis suggests 16. 4 percent phosphate,
2,4 percent gypsum; shows 2, 6 percent alkalies.) Dolomite,
argillaceous, brownish-gray. Bed P-18, 0.7 ft thick, 127, 95ft
from top of member.
Lab, No. 2072, (Analysis suggests 36.7 percent phosphate,
5.0 percent gypsum; shows 2. 9 percent alkalies.) Phosphate

Bed P-19, 1,1 ft thick, 126,85 ft from top of member.

Lab, No, 2073, (Analysis suggests 30,3 percent phosphate,
4.5 percent gypsum; shows 2,1 percent alkalies.) Phosphate
rock, argillaceous, brown. Bed P-20, 1.2 ft thick, 125.65 ft
from top of member.

*61,

62-68. (McKelvey and others, 1953, p. 14, 18, 2, 23, pl. 1; Gulbrandsen,

69,

70.

1958, p. 13, 5, pl. 1.)

#62. Lab. No. 2074, (Analysis suggests 38, 9 percent phosphate,
5. 8 percent gypsum; shows 2, 6 percent alkalies.) Phosphate
rock, argillaceous, dolomitic; brownish-gray, Fossiliferous,
contains pellets, Bed P-21, 0.9 ft thick, 124. 75 ft from
top of member.

*63, Lab. No. 2081, (Analysis suggests 15,2 percent phosphate,

2, 8 percent gypsum; shows 2, 3 percent alkalies,) Dolomite,

argillaceous, light brownish-gray. Contains pellets. Bed P-

28, 1,7 ft thick, 115,25 ft from top of member.

Lab, No. 2082, (Analysis suggests 14,2 percent phosphate,

6.7 percent gypsum, 3.0 percent more GaO and MgO than

can be present as carbonates; shows 3.1 percent alkalies. )

Mudstone, dolomitic, brownish-black. Contains pellets.

Bed P-29, 0.8 ft thick, 114,45 ft from top of member.

*65. Lab, No. LES-2-47. (Analysis suggests 16.8 percent phos-
phate, 2.6 percent gypsum; shows 2.0 percent alkalies. )
Dolomite, argillaceous, dusky-brown. Contains pellets.

Bed P-36, 0.9 ft thick, 108,05 ft from top of member.

%66, Lab. No. LES-3-47. (Analysis suggests 11.3 percent phos-
phate, 2.2 percent gypsum; shows 1.9 percent alkalies.)
Dolomite, argillaceous, grayish-brown. Contains pellets,
Bed P-317, 0,6 ft thick, 107,45 from top of member.

67. Lab, No, LES-4-47. Dolomite, argillaceous, brownish-gray.
Fossiliferous, Bed P-38, 1,8 ft thick, 105.65 ft from top of
member.

Lab. No. LES-6-47. (Analysis suggests 3.7 percent phosphate,

1, 4 percent gypsum; shows 3.4 percent alkalies.) Mudstone,

dolomitic, light brownish-gray, Fossiliferous. Bed P-40,

3,0 ft thick, 102. 05 ft from top of member.

Lab. No, VEM-39-47, (McKelvey and others, 1953, p. 13, 17, 2,

21, 22, pl. 1; Gulbrandsen, 1958, p. 12, 5, 81, pl. 1.) Limestone,

argillaceous, light brownish-gray. Bed P-70, 1.1 ft thick, 55,35 ft

from top of member. Photomicrograph.

Lab. No, VEM-51-47. (McKelvey and others, 1953, p. 13, 17, 2,

21, 22, pl. 1; Gulbrandsen, 1958, p. 11, 5, pl. 1.) Limestone,

argillaceous, light brownish-gray. Bed P-82, 1.7 ft thick, 42 ft

from top of member.

*64,

*68.

T1-72. (McKelvey and others, 1953, p. 12, 17, 2, 21, pl. 1; Gulbrand-

sen, 1958, p. 11, 5, 86, pl. 1.)

71, Lab, No. VEM-59-47. Limestone, argillaceous, dolomitic;
light brownish-gray. Fossiliferous, Bed P-90, 1.9 ft thick,
33. 7 ft from top of member,

72. Lab. No. DML-1-47. Dolomite, argillaceous, light brown-
ish-gray. Bed P-99, 1.4 ft thick, 25.2 ft from top of
member. Photomicrograph.
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TABLE 7.— Analyses of samples from Colorado, Kansas, Montana, North Dakota, and Wyoming containing uncombined silica and carbonates each less than 75 percent;

uncombined silica and carbonates each greater than clay (Group C) common and mixed rock categories--Continued

Wyoming

73 74 75 76 77 78 79 *80 81 *82 83
49C12-62 | 49C12-63 | 49C12-64 | 49C12-65 | 49C12-66 | 49C12-67 | 49C12-68 | 49C12-82 | 49C12-69 | 49C12-81 | 49C15-2

(63.8) (68.5) (72.3) (66.7) (73.8) (73.0) (61.5) (69. 6) (77.6) (46.8) 24,8
63.28 66, 91 73,72 66.49 72.48 73.49 61,05 69.00 74,34 43,60 ceeeee
.4 .7 .3 .5 .4 .2 i 1.5 2.4 3.8

1.9 2,3 2.2 2.1 1.9 2,5 1.8 3.2 2.6 2.2 212

.62 .48 .41 .41 .64 .18 1,00 .39 .40 5.4 .9

18,00 14.00 11,50 16.40 12,00 11,80 19,00 13,20 9,00 19,80 39,0
.89 .32 .60 .12

KgO teererernanrasssssecesesasannnnenn 2,72 .42 .60 1,22
HpO+% e niieneiieiinaiennsonensancncs .23 .32 .34 .85 .51 .57 .84 1.50
HyO-vvevnnnnnn .07 .08 .15 .06 .05 .12 .09 .13 .16 .30
TiOp svveneannses .10 .09 .27
PiO5ereccneanens .25 .20 .23 .20 .22 .11 .65 4.1 .49 6.25
COp tureersecerasnnnancssasassonsannnes 14,1 11,2 9.5 12,7 9.3 9.6 14,7 5.3 6.6 13.5
SO teeerssrrensiecnsecsrsossassonssnns Nil <.1 <.1 Nil <.1 Nil <.1 .21 .10 .43
V205 eeeeenennns .03 .04 .05
| .. .05 .04 .04 .04 .03 .05 .08 .54 .10 .68
Ignition loss® ...... (14.4) (11.6) (9.6) (13.1) (10.2) (9.6) (15.3) (6.0) (7.6) (15.3)
98, 90 96. 33 101,76 99,24 97.97 98,65 99.68 99, 62 98,36 99,72 ceene

.02 .02 .02 .02 .01 .02 .03 .23 .04 .29

99.9 <963 <1017 99,2 < 98,0 98. 6 < 99,7 99.4 98.3 99.4 65.9
60,5,32 | 63,7,25 | T1,6,21 | 63,6,29 | 70,6,21 | 70,7,22 | 58,6,33 | 67,12,12 | 67,13,15 } 34,17,29 | (25,0)72

magneslan
Ca0/MEO.seusinensssacsssseonsnsnnasen calcite calcite
84 85 86 87
84 85 86 817
49C15-3 | 49C19-3 | 49C19-18 | 49C24-31

Insoluble........ cerenneeennes | 241 HiO eevererersescseeacscncssnassos | sevsee 4,64 4.64

Si0geusensanes 31,45 31,28 42,2 COp vevennreas 26,82 26,79
AlOgeeenennnniecennrerenneen | wieenn 1.58 1,83
1.2 .21 .22 TOMl ceverrcccaaransasccasees | 646 99, 57 99,58 74.8
5

3;3 34:(1): 34:;; 5i§g ClAS8 eeveeneareneronrnonsanenennes | (24,0)71] 28,9,61 | 28,10,61 | 42,0,51
Ky oo :g ;2 6.6 CAO/MEO eeuvnereerencasnsnsenses | calcite | caleite | calcite ;T;":;‘:

! Not included in total.

% Caleulated as FeO from reported Fe.

3 (Calculated by compilers; ignition loss less CO, and less HyO-;
probably contains some F and S.)

4 (Calculated from F by compilers. )
# Caleulated from reported MgCOg or CaCOs.

DESCRIPTIVE NOTES
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Wyoming--Continued

73-82. Lincoln County. Permian, Phosphoria formation. Sec.7, T.26 N.,
R. 119 W. Trench samples. Index map and outcrop map. Generalized
columnar section. (For other analyses from same measured section see
analyses in Lincoln County in other groups of this compilarion. )
73-T79. Rex chert member. (McKelvey and others, 1953, p, 12, 16, 2,
pl. 1.) Chert and limestone,

3.

4,

5.

76.

7.

78,

9.

Lab. No. VEM-62~47,
top of member,

Lab, No. VEM-64-47,
top of member.

Lab. No. VEM-65-47,
top of member.

Lab, No, VEM-66-47,
top of member.

Lab. No. VEM-67-47.
top of member.

Lab. No. VEM-68-417,
member,

Lab, No. VEM-69-417,

Bed R-1; 9.6 ft thick, 57.2 ft from
Bed R-3; 10.4 ft thick, 37 ft from
Bed R-4; 9,0 ft thick, 28 ft from
Bed R-5; 10.5 ft thick, 17,5 ft from
Bed R-6; 9.0 ft thick, 8.5 ft from
Bed R-7; 8.5 ft thick, top of

Bed R-7. Top 1.4 ft of sample 78,

80-82. Upper shale member. (McKelvey and others, 1953, p, 11, 186,
2, pl. 1.)

*80,

Lab, No, VEM~T72-417.

( Analysis suggests 11,2 percent phos-

phate.) Chert. Bed U-3; 1.1 ft thick; 55.5 ft from top

of member,

Wyoming--Continued

8l. Lab. No, VEM-74-47. Mudstone. Bed U-4; 0,6 ft thick,
54,9 ft from top of member.
*82, Lab. No. VEM~-94-47, (Analysis suggests 14,8 percent phos-
phate; shows 1.9 percent alkalies.) Chert, dolomitic.
Bed U-25; 0.8 ft thick; 2,3 ft from top of member.

83. Park County. Middle Cambrian, Park shale, Sec. 1, T. 58 N., E{. 108 w.,
along Index Creek. Analyst, Bartzen. Lab. No. 1-1D10. (Hanson, 1952,
p. 42, pls. 7, 9.) Limestone. lsopach map, correlated columnar sections.

84, Park County. Upper Cambrian, Snowy Range formation, T.58 N,, R.107 W.,
(U. M, Sahinen, written communication, 195T) along Fox Creek about 0.5
mile southeast of Index Creek. Analyst, Bartzen. Lab. No. I-2F12, (Hanson,
1952, p. 43, 39-40, pls. 8, 9.) Shale and limestone; mostly greenish-gray
shale containing lenses of lithographic limestone; 11 ft thick, 134 fi below

.top of formation. lsopach map, detailed measured section, correlated colum-
nar sections. (For other analyses from same measured section see analyses of

Park County in groups F; and F, of this compilation.)

85-86. (Sweetwater County.) Eocene, Bridger formation. (T. 12 N., R, 111 W.)
face of Turtle Bluffs. Analyst, Brewster. (Emmons, 1877, p. 247; King,
1878, table 6A.) Marl, green, fossiliferous,

87, Yellowstone National Park. (Recent. West Thumb), Yellowstone Lake,
Analyst, Steitz. (Hayden, 1872, p, 130; Langford, 1905, p. 93, 94.)
Sediment, white; from mud-springs.
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TABLE 8.~ Analyses of sampies from Colorado containing more than 75 percent clay (Group D) common and mixed rock categories

[samples of mixed rock category indicated by an asterisk (*). Chemical analyses arranged by connty and swatigraphic position]

Colorado

1 2 3 4 5 6 7 8 9 10 11 12
5D7-16 5D7-17 5D14-4 5D14-3 5D18-7 5D18-8 5D21-6 5D21-17 5p21-9 5D21-10 5D21-11 | 5D21-12

Si0gcenenccnnncans 58,97 57.13 62.06 61.75 63,00 58.86 56.92 62.14 56.50 56,91 59.02 59.50
AlOs.... 19.27 21,24 22,31 22,80 21.178 24,64 24.18 24,30 29.10 29.04 24,59 25,41
FepOg... s . 5.58 4,01 2.03 2.08 2,29 4.11 4,34 1.15 3.29 3.92 5.76 2.29
MEO.eiiiveenarnnanas . 1.10 1.21 None None .81 .14 1.92 1.45 Tr. 2.64 1,65
Calorvevennosencnnes . .87 .81 None .16 .24 .49 1,32 .60 1.90 .39 .65
Nag0 . .21 .31 ceeens Tr. Tr. 2,10 Tr. Tr. .23 Tr. Tr.
KiO veverennensnaneneeaceanns 1.01 1.87 1.51 3.03 3.48 1.11 .25 .62 .67 3,18
HyO = iiireiiieenecanasnennane 2.08 2.74 1.57 .45 .87 2.80 .70 .70 .10 1.57
TiO2 vuueveeocnnioniesosnanen P ereses .76 T cesaes covsen cevaes coenes cevees [N esesne
SOg evverererassacasasereanns Tr. Tr. Tr. Tr.
Ignition 1088 4. .cvevenennnsnnas 11,16 10.45 10.05 9.50 9.57 8.50 5.39 6.39 9.81 4,20 9,37 6.43
Totaleseeeereeosnansncaes 99. 95 100.37 97.21 96.81 100.87 100. 57 99,37 100, 68 100,25 100.16 100. 50 100, 63
Cla88 svvvanecannnnanesanenaas | 19,77,3 16,79,4 20,76,0 19,11,0 22,175,2 11,85,2 9,82,0 18,179,0 1,98,1 1,94,0 9,90,1 12,83,0

13 14 15 13 14 15
5D21-14 | 5D22-5 | 5D2-4
56.16 61.7 58,34 eeeeeteterenesesntieinetesasasencneneeses| 0,35
26.65 21.8 26.29 1191
L N 3,22 12 2.69 || TiOz ceverrnennss 112
Y e .04 1.0 67 || IgITION 1088 veuuvnenreursnssorenasasssassasansasanee| 9451 13.4 12,40
A 60 e . TOMluesenensnsrsarsnnarssorassassansasnensces | 100,04 99,1 |2100.39

P .48 sesees caeene

Class cusseessassannssnrssnrossssssasssosans

cenesne| 5,92,1 22,175,2 9,90,1

! At 100° C,

2100, 32 in text,

DESCRIPTIVE NOTES

(First page number in reference indicates source of analysis ]

Colorado

1-2. Boulder County. Analyst, Tremaine. (Butler, 1915, p. 342, 158, 163, 165,

303, 318-321.) Index map. Ceramic tests, physical properties, mineraiogy.
1. Upper jurassic, Morrison formation. T.1 N., R. 71 W., Polecat

Canon, near town of Boulder, Adamant Brick Co, Lab. No, 46. Shale,

black, medium-grained, hard; yellow streaks on weathered surface;

20 ft thick, overburden 2 ft, Possible use: Brick.

Upper Cretaceous, Laramie formation, T.1 S., R. 69 W., about

1 mile northeast of town of Louisville, Summit mine. Lab, No. 39,

Clay, dark-gray, fine-grained, very hard, massive, contains thin

streaks of sand; 10 ft thick; 2 ft exposed. Possible use: Brick, earthen-

ware,

3-4. Custer County, Upper Cretaceous, Dakota sandstone, Dry Creek Canyon
member. SE4SE} sec, 11, T. 22 S,, R, 69 W., north bank of South Hard-
scrabble Creek. Analyst, Cress. (Waage; 1953, p. 97, 3, 6, 21, 86, 87,)
General description: Plastic clay, light-gray, blue-gray to black, massive
to blocky; compact, tough splintery to rough blocky fracture, Index map,
outcrop map; generalized columnar section, Use: Not valuable for
refractories,

3. Lower bed of sandy, plastic clay; 3 ft thick.
4. Upper bed of sandy plastic clay; 3.5 ft thick.

5-6. Douglas County. Analyst, Tremaine. (Butler, 1915, p. 342, 181, 184, 185,
305, 322, 323.) Index map, Ceramic tests, physical properties, mineralogy.

5. Laramie formation. T. 7S., R. 67 W., 4 miles west of town of
Sedalia. Lab. No. 115, Shale, dark-brown, fine-grained, soft; 4 ft
thick, overburden 3 ft. Possible use; Brick, vitrified and unvitrified
floor tile,

6. Upper Cretacecus and Eocene, Dawson atkose. T.9S., R. 67 W.,
2.5 miles north of town of Larkspur, Lab, No. 109. Clay, red and
gray, medium coarse-grained, sandy, medium-hard; 7 ft lens~
shaped bed, overburden 11 ft, 600 ft below top of formation.
Possible use: Brick.

7-12. El Paso County. Analyst, Tremaine. Index map., Ceramic tests, physical
properties, mineralogy.

7. Pennsylvanian, Fountain formation. (T. 14 S., R. 67 W.), 0,25
mile west of Balanced Rock, Garden of the Gods, Lab. No. 158,
(Butler, 1915, p, 343, 188, 197, 306, 324, 325,) Shale, red and
green, medinm fine-grained, medium soft; 2 ft thick, overburden
3-8 ft. Possible use: Brick. Former use: Pottery.

»

Colorado~-Continued

8., Dakota sandstone, T. 16 S., R. 67 W,, 8.75 miles west of town of
Fountain, Lab. No. 135, <3utler, 1915, p. 342, 188, 191, 305, 322,
323.) Clay, biack, very fine-grained, hard; 7 ft thick, overburden
5 ft. Possible use: Brick, earthenware.

9, Dawson arkose. T. 12 S., R, 62 W., 1 mile southeast of town of
Caihan. Lab, No, 171, (Butler, 1915, p. 343, 188, 200, 306, 324,
325.) Clay, grayish-red, fine-grained, hard; contains a little sand;
9 ft sampled, overburden 10-25 ft, Possible use: Brick, earthenware,
refractories, drain tile, wall tile, vimrified floor tile.

10, Dawson arkose. Near Calhan, Lab. No, 147, (Butler, 1915,
p. 342, 188, 194, 305, 324, 325.) Fire clay. Possible use: Refrac-
tories, brick,

11, Dawson arkose. Locality, 0.75 mile southwest of Calhan, Lab. No,
169. (Butler, 1915, p. 343, 188, 199, 306, 324, 325.) Clay, light-
brown, fine-grained, sandy, hard; 5 ft sampled, overburden 10 ft.
Possible use: Brick, earthenware, refractories, stoneware.

12, Dawson arkose, (T. 12 S., R. 67 W.), 0.25 mile north of town of
Edgerton, Lab. No. 165. (Butler, 1915, p. 343, 188, 198, 306, 324,
325,) Clay, gray and red, medium coarse-grained, sandy, hard;

5 ft sampled, Possible use: Brick, earthenware, virrified and unvitri-
fied floor tile, stoneware.

13. ElPaso County, (Dawson arkose, T.12 S., R. 61 W,) southeast of Calhan.
(Richardson, 1911, p. 295, 293.) Clay, light buff, fine-textured. Ceramic
tests. Possible use: Face brick.

14-15. Fremont County. Lower Cretaceous, Purgatoire formation, Glencairn shale
member. (Waage; 1953, p. 97, 3, 6, 31, 53, 79, 80.) Index map, out-
crop maps; generalized columnar sections. Possible use: Low-grade to semi-
refractories, terra cotta, conduits,

14, NEiNW} sec,20, T.188S., R. 69 W., Standard Fire Brick Co, mine.
Lab. No, 90. Clay, dark blue-gray, plastic; 5-8 ft thick; from
upper 15 ft of member.

15, Sec.14, T. 19 8., R.71 W., Diamond Fire Brick Co, mine, Lab.
No, 89. Clay, blue-gray, piastic; at top of member. Deposit
largely mined out.
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CHEMICAL COMPOSITION OF

SEDIMENTARY ROCKS

TABLE 8.— Analyses of samples from Colorado containing more than 75 percent clay (Group D) common and mixed rock categories--Continued

Colorado
16 17 *18 19 *20 21 22 23 24 25 26 27 28
5D22-12 | 5D22-13 | 5D23-5 | 5D23-6 | 5D23-7 | 5D28-3 | 5D28-10 | 5D28-11 | 5D28-12 | 5D28-8 | 5D30-38 | 5D36-4 | 5D38-1
Si0z+sseeenesasaes | 64,89 52,57 52,63 22,89 57.16 63,01 63.16 63.00 61,39 56. 41 59,417 59.97
AlOgeseeennn. veee | 32.89 17.80 23.15 4.71 26,78 24,40 22,75 24, 00 25,97 26,37 21,26 21,52
Fep0genenarnnnnans 1,20 6.85 1.60 12,97 1,55 1.26 1.57 1.74 1,33 3.59 4,38
MEO +errernnanans 3.95 2.75 1.94 .51 .60 1.06 .15 .20 Tr.
CaO..... .. 4,71 3,62 6.29 .38 .19 44 .20 1.35 .29 4,13
N2©O.... . .15 Tr. 2.05 ceeee .46 } 155 .58
K0... 5.22 4,13 1,52 .46 . 2,22
B0 .. T95 4 a1 } .22 { ‘16 } 14.66 ‘gb
i .20
ceeene .48
ceeene 4,38
SO3 eveeneeaaaans Tr. Tr.? Tr.
Organic S.veeeenee | erenes .| 2(L.5)
Organic matter. ..., ceenas P ceveas veeees [3(46.1) ceeens POT Cerene cevene | eeenen
IgNItion 1088 veevees | wuenn. 11,13 8.59 8.82 | 449,52 12,47 10,55 10, 60 9,77 cerens 9.45 9.21
Totaliesesaos. | 99,67 100, 38 100.85 |5101,11 99,89 98.91 100,01 | 699,58 99.89 |7101.19 99, 48 100.29 |2 102.86
Class seeveveeennes | 5,94,0 | 21,78,1 | 13,71,5 | 10,78,6 | 11,70,9 | 8,89,2 | 18,80,2 | 21,753 | 19,79,2 | 14,84,2 | 10,88,1 | 18,78,3 | 17,76,6
29 30 31 32 33 34 35 36 37 38 39 40 41
5D51-17| 5D51-18 | 5D51-19 | 5D51-20 | 5D51-31| 5D51-37 | 5D51-40 | 5D51-38 | 5D51-39 | 5D51-47 | 5D51-50 | 5D51-48 | 5D62-2
Si0zeeanvasesensss | 60.27 61,30 62,14 62,48 50.27 53.71 60. 62 58, 84 60. 62 51.69 63.22 56.05 59. 08
AlOg.eiranenennns | 23,19 23, 65 23,88 22,31 27.61 28.30 24,35 25, 94 21.83 16.50 24,72 28,84 20,53
Fe305.0snacacssaen 2.5 2.2 1.7 2,18 1,36 1.83 2,44 1,94 3,03 7.90 .43 1,91 3,62
MEO. . uuuaranannns .32 .18 .30 .30 .70 .70 .73 .01 .53 2.10 .13 1,00
(21 N .32 .18 .30 .64 .71 .50 L1 .48 .28 4,41 .30 .66
N22O eevvevsnnncne | sosens 2,07 } ™ { .08 .23
KoO evvevavnnesnse | savnee | veveen ceeees 2.68 . 3,73 1,51
HpO%eeererannanne | aeeenn 9 6,00 8,63
HpO " eevvarenenone | aeeens 103,02 1,36 .99 2.08
TiO; .. .95 .90 1,28 .66 .68
| M I .22
COz veven 3.19
SO5 eeverersoscnne | o
Organic matter. .... ceseee cesene ceceas cesens crenne [ teveas .53 .40 cesene
Ignition 1088 .. e.... | 11.26 11,64 10. 80 10. 43 17.87 10.59 11,19 11,01 veeess |2(10.39) 7.96 11,38
Total.esees » | 979 99,2 99.1 98, 34 99,47 99,74 99, 68 98,00 100. 97 99,87 [11100,56 99,10
Classevenaeenna... | 16,80,1 | 17,81,1 | 18,80,1 | 21,76,2 | 0,96,3 2,94,2 15,82,2 | 11,87,1 | 19,77,2 | 14,72,7 | 19,80,0 | 3,93,1 19,717,1

! From total Fe (Bradley, 1931, p. 32).
% Not included in total.

% Not included in total; determined from ignition loss,

less H,O in hydrous minerals, less CO;.

4 Loss on ignition less CO,, includes H,O of hydrous minerals,

5100.91 in text,

699,04 in text.
7100.73 in text.
% 100,86 in text,
9 Above 100° C.
10 ¢ 100° C.

™ 100,66 in text.
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Colorado--Continued

16. Fremont County. Upper Cretaceous, Dakota sandstone, Dry Creek Canyon mem-

17-19.

*20,

21-24

25

26,

27.

.

ber. E3SE4 sec. 4, Wiswi sec. 8, T.18S., R.70 W., Deer Hill mine. Lab. No.
67, (Waagé, 1953, p. 96, 32, 38, 39, 81, 82.) Flint clay. General remarks:
Light-gray to light blue-gray, fine-grained, hard, conchoidal to semiconchoidal
fracture. Index map, outcrop map, detailed measured section, generalized
columnar section. Mineralogy. Possible use: High-grade refractories.

Analyst, Tremaine. Index map. Ceramic tests, physical properties,
mineralogy.

17. Fremont County. Dakota sandstone, T. 18 S., R, 69 W., about

5 miles north of town of Florence, Lab. No., 192, (Butler, 1915,
p. 343, 201, 206, 306, 326, 327.) Clay, black, fine-grained,
hard; 38 ft thick; sandstone overburden, 27 ft. Possible use: Brick,
vitrified and unvitrified floor tile.

Garfield County. Pennsylvanian, Paradox formation (N. W. Bass,
written communication, 1956), T. 7 S., R. 88 W., 7 miles south
of town of Glenwood Springs, Lab. No. 209. (Butler, 1915, p. 343,
208, 210, 307, 326, 327.) (Analysis suggests 6.1 percent more CaO
and MgO than required for carbonates; shows 5. 4 percent alkalies. )
Shale, bright-red, fine-grained, medium-hard; 15 ft thick.
Possible use: Brick.

19. Garfield County. Upper Cretaceous, Mancos shale. T. 5 S., R. 90 W,
town of New Castle. Lab. No. 213, (Butler, 1915, p. 343, 208, 211,
307, 326, 327.) Clay, buff, very fine grained, soft; 3 ft thick, over-
burden, 6 in. Possible use: Brick.

Garfield County. Eocene, Green River formation. Sec. 10, T. §S., R. 95 W.,
near head of East Middle Fork of Parachute Creek. Analyst, Fairchild. Lab.
No, 111, (Bradley, 1931, p. 32, 31.) (Analysis shows 3, 6 percent alkalies.
2,7 percent S; suggests 1.1 percent phosphate, 3.2 percent more CaO and
MgO than required for carbonates.) Oil shale. Estimated oil yield, outcrop
map, geologic map, correlated columnar sections, mineralogy. (For other
analyses of oil shale see sample 6 group E and samples 22-24 group M of this
compilation.)

Huerfano County. Dakota sandstone, upper sandstone unit. SW corner sec. 3,
T. 25 8., R, 65 W,, Shamblin mine, Standard Fire Brick Co. (Waagé, 1953,
p. 95, 3, 6, 53, 88.) Bed 3-4 ft below surface; 4,5-6 ft thick, Index map,
generalized columnar sections, Possible use: Refractories.

21, Lab. No. 7. Clay, blue-black, plastic.

22, Lab, No, 6, Clay shale, gray, plastic,

23. Lab, No, 5. Clay, plastic; run of mine sample.

24. Lab. No. 4, Clay, dark-blue, plastic, gritty. Lower half of clay
bed (for an analysis of upper half see sample 16, group Hk of this
compilation) .

Huerfano County. Dakota sandstone. T. 26 S., R. 68 W., 5 miles northwest
of St. Mary. Analyst, Tremaine. Lab. No. 241, (Butler, 1915, p. 343, 216,
220, 307, 328, 329.) Clay and shale, light-gray, fine~grained, very hard;

2 ft thick, Index map, Ceramic tests, physical properties, mineralogy.
Possible use: Refractories.

Jefferson County. Upper Cretaceous, Laramie formation (K. M. Waagé,
written communication, 1958), (T. 3 S., R. 70 W.) town of Golden.

(Ries, 1895, p. 560, 561.) Kaolin,

Las Animas County. Dakota(?) sandstone. (T. 29 S., R. 61 W.) Analyst,
Tremaine, Lab. No. 387. (Butler, 1915, p.345, 254, 257, 258, 310, 334,
335.) Clay, gray to black, sandy, medium fine-grained, hard; 6 ft thick,
underlying 15-20 ft of sandstone. Index map. Ceramic tests, physical prop-
erties, mineralogy. Possible use: Brick.

¥18,

28.

29-32.

33-317.

38,

39.

40.

41,

Colorado--Continued

Logan County, Laramie(?) formation. SE} sec.6, T.7 N., R. 52 W.,

5 miles southeast of town of Sterling. Analyst, Tremaine, Lab. No, 390,
(Butler, 1915, p. 345, 258, 259, 334, 335.) Shale, yellow and gray, fine-
to coarse-grained, medium~hard, sandy; 15 ft thick, 2 ft overburden. Index
map. Ceramic tests, physical properties, mineralogy. Possible use:

Brick, earthenware.

Pueblo County. Lower Cretaceous, Purgatoire formation, Glencairn shale
member, Center N\NW4 sec.6, T.25 S., R.65 W,, Vulcan mine. (Waagé,
1953, p. 97, 31, 36, §3, 88.) Semiplastic clay, dark-gray; 9-20 ft thick.
Index map, generalized columnar sections. Pogsible use; Low=grade to
semirefractories, terra cotta, conduits,

29, Lab. No. 95,

30. Lab. No. 96.

31, Lab. No. 97,

32, Lab. No. 93,

Pueblo County. Dakota sandstone, Dry Creek Canyon member. (Waagé,
1953, p. 95, 8, 5, 6, 31-44, 53, 73, 74, pls. 1-3, 5.) Index maps, out=
crop map; correlated columnar sections, generalized columnar sections.

33-84, SW4SE} sec.26, T.18S., R.67 W,, Dry Creek Canyon mine,
Pueblo Clay Products Co. Analyst, Brannock. Clay. Estimated
tonnage, fired properties.

33. Lab. No. 9. Clay, black, semiplastic; in lenticular beds
between flint and plastic clay.

34, Lab. No, 8. Plastic clay. General remarks: Light-gray or
blue-gray to black, massive to blocky, splintery to rough
blocky fracture. Possible use: Semirefractories,

NW corner NE} sec, 35, T.22 S., R.67 W,, Rock Creek mines of
Standard Fire Brick Co. Analyst, Davidson. Lab. No. 29. Flint
clay, sandy, spot sample; 1 ft thick. Uses Refractories. (For other
analyses from same measured section see sample 36 this group, sample
99 group B, and sample 45 group Hk of this compilation,)

NW corner NE} sec, 35, T.22 S., R.67 W., Rock Creek mines of
Standard Fire Brick Co. Analyst, Davidson. Lab. No. 28, Flint
clay, sandy, spot sample; 1 fi thick. Use: Refractories.

SE4SW} sec.26, T.22S., R.67 W., Rock Creek mines of Standard
Fire Brick Co. Analyst, Davidson. Lab. No. 25. Plastic clay, chan-
nel sample; 4 ft thick, Fired properties, Use: Refractories.

35,

36.

37,

Pueblo County. Upper Cretaceous, Pierre shale, rusty zone. (Nwi T.20s.,
R. 64 W,) near Nussbaum Spring. Analyst, Steiger. Lab. No.S5. (Gilbert,
1897, p.7.) Shale, Geologic maps,

Pueblo County. Pierre shale (K. M. Waagé, written communication, 1958) .
(T.20S,, R, 64 W,) town of Pueblo, Analyst, Steiger. (Ries, 1895,
p. 554, 555.) Fire clay.

Pueblo County. Pierre shale. T. 20 S., R. 65 W., 5 miles north of Pueblo,
Colorado Brick and Tile Co. plant. Analyst, Tremaine. Lab. No. 470.
(Butler, 1915, p. 345, 272, 282, 312, 338, 339.) (Clay.) Index map.
Ceramic tests, physical properties, mineralogy. Possible use: Brick.

Weld County. Laramie formation. T.1 N., R,68 W., south of town of Erie,
Lehigh mine. Analyst, Tremaine. Lab. No. 494, (Butler, 1915, p, 345,
291, 292, 312, 338, 339.) Clay, gray, fine-grained, medium-hard,

3-5 ft thick, Index map. Ceramic tests, physical properties, mineralogy.
Possible use: Earthenware, if grogged; brick, stoneware.
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TABLE 9.~ Analyses of samples from Kansas containing more than 75 percent clay (Group D) common and mixed rock categories

CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

Lsamples of mixed rock category indicated by an asterisk (*) . Chemical analyses arranged by county and stratigraphic position]

Kansas

6

17

8

10

11

15D3-3

15D3-2

15D6-3 15D7-4

15D7-5

15D15-30

15D15-31

15D15-33

15D15-32

15D15-36

Si0g e ceaneceecncasronnaneenannrerannnnes| 62,17
ALOg.ererniannnnnns creereees| 19072
FEp05uunrinninneonncnnnenenseansssonces| 443
MBO teereinannennnenrannseeennosanens .| oo

Ca0.utseveernrernosceencsrssonsonsasnns .53
T .92
KoO turvrnrsiosennsaneaconrannscsannanes 3,173

TIO2 seeeveecsronnennnsncsssenasearasean| 1,66
PyOseenns
SO3 vevnunns

IgNition 1088 cevsevreevnrtncaccsarcnnncnas

Nil
5,173

59.01
22, 50
4.43
1,20
.60
.62
4,11
.93
.03
.11
.01
6.14

51,03 55.33
21,63 20,69
1.61 7.58
2.25 2.55
2.4 .86
.49
PN 3.03
1.20 1.22
Tr. .23

.84 .53

28,45 6.75

56.22
20.61
8,26
2.67

.59

cessae

6.20

56.72
217.89
2,17

1,18

ceesee

8.30

57.32
29.56
1.20

crenee

1.12

crsnae

8.38

58,88
26.86
1.70

1,22

teenee

seesas

7.76

57.94
21.35
1.79
.47
.62

.87
.13

secans
avsese

9,71

59,94
29,38
1,20

1,10

cesans
aresae

38,60

TOtal.sveeeeersnsnnescnsssnanseessss | 100,19
Class eovennensnsesnnasssasccscnsssassass | 22,70,0

99.69
14,178,0

95,45 99.26
4, 83,2 10, 80,0

99,46
10,81,0

96,26
5,90,0

97,58
4,93,0

96,42
9,86,0

498,88
8,88,2

5100,22
7,92,2

12

13 14

*15

16

*17

18

20

21

15D15-38

15D15-37 | 15D15~34

15D19-1

15D19-7

15D19-6

16D22-16

15D23-2

15D23-3

A0,
Fey0q..

shssressssas

B R T R TR

cessrssssescsarteesrracananen

P205 eevercnnnanes
IgNition 1085 coueiaerrarsesencensioseasnesassasoanns

63,75
20,95
3.13

seeses

9.00

62,43 59. 60
22,17 25.44
1.74 1,58
teneee .64
censen .22
cernes .73
crasee 1.8
cavene 1.32

cesees ceesse

8,170 7.80

45,58
14,10
4,30
.99
5.46

.29

4.24
Tr.

221,71

60,92
18,48
6.82
1.76
.49
1.20
3.47
1,68
.22
Nil
5.39

44,13
13.79
4,29
1.87
5.06

.29
2.08
1.24

220,22

60.38
18.60
6,94
2,05
.84
.85
2.63
.31
.19
Tr.
5.99

Tr.
7.13

54,46
25.05
6,78
.39
.25

}‘4.51

.98
.04
7.31

58,38
19,96
6.95
1,75
1.24
.74
{ 3,17
1.15
.23
Tr,
6.10

- cersennsen

98,11
23,74,0

95,04 99.11
21,74,0 | 13,81,2

96,73
16, 69,2

100.43
21,71,0

92,97
15,64, 17

99,78
20,72,0

100,33
19,170,2

799,77
3,91,0

99,67
15, 76,0

22 23

24

25

26

27

28

29

30

15D25-3 | 15D27-70

15D27-71

15D27-86

15D27-82

15D217-19

15D27-94

15D27-85

15D27-80

Ti0g teaeenencenntenietiocntttnsnssossasnssnssnasossannonse

PaO5 teunrnnrntenneenenireneenneetanreernertnensrnrennenen

SO8 tessecsannciecscsacnsarsssssesessrssssocsesossaesnsssone

IgNItioN 1088 4 ievneenesernsanssesasorssecesenesnsansvossacsnas

TOAl, cuevrsuavencornsnasnssnscsosaessssonsosansonscanse

54.20 57.25
19,87 22.98
6.37 3.30
2,04 2.35
3.30 .48

.49 } 3.87

.98 1.15
.18 cesnse
.14
8.32 8,21

59,38
25, 50
1.49
1.15
.73

3.95
1.64

secane

sesene

6.58

61,40
126,74
1,67
.27
.36

.64

sesses

censne

9.41

60,26
28. 69
.49

“esies

.21

ceesen

eesses

9,81

56.40
31,00
1.08

.18

11,15

62,58
22,02
2,18
44
.61

1.38
.29

10.88

60.96

20,71
6.17

7.30

57.99
23,03
5,03

seesne

1,10

eessee

10,08

899,01 99,59
12,75,4 | 18,77,3

9100,42
13,80,0

100,49
12,86,1

99,46
9,90,0

99,81
0,99,0

100.38
21,76,2

96, 32
17,78,0

97.23
12,85,0

Qualitative spectrographic analyses

[s=standard graphite electrodes used. h=high purity graphite electrodes used, Higher numbers indicate greater abundance.

of table (Runnels, 1949, p, 45) ]

A dash (~) =not seen; further explanation

3s 3h 158 15h

17h

15h

6 6

Bivecosoesans
N2 cesnnnsnes

Kuavesosranon

6
7
Vieeeosnonses 6 6
Cr coveneenss 5
Mn. 8
5

CU sevscnnnns

10

w O W0

sessan

6
6
1 17
1
5
6

W 0 ©

6 2 S

cecens SEeeesssnnoce

seeens Y2 S

9 MOsreeosoans

Pbuecesiocnnne

o w

[T S

oo o |

[ O I CO

[ B B B

! meludes TiO,.

2 At 1,000° C,

% 8,40 percent (Plummer and Romary, 1942, p. 335),
498,75 in text,

$100.32 in text.

® By difference.

7100,00 in text.
599,19 in text.
9100.45 in text.
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CFirst page number in reference indicates source of analysis J

Kansas

Atchison County. Pennsylvanian, Howard limestone, Aarde shale member.
Sec, 21, T.5S., R. 19 E. Analyst, Runnels, (McMillan, 1956, p. 214,
194, 195, 249, pl. 1.) Channel samples. Index map, outcrop map;
columnpar section, correlated columnar sections; mechanical analyses, esti-
mated amounts of clay constituents and relationship to structure.

1. Nonmarine shale, 12-18 in. below coal,

2. Nodaway underclay, 0-6 in, below coal,

Bourbon County. Pennsylvanian, Cherokee shale, above Bevier coal. SW4SE4
sec. 18, T, 27 S., R. 25 E. Spectrographic analyst, Reed. Lab. No. 48-297.
(Runnels, 1949, p. 44, 42, 45.) (Analysis shows 1,2 percent TiO; suggests
1.8 percent gypsum, 2.9 percent more CaO and MgO than reqnired for carbon-
ates.) Shale, composite sample, dried at 140° C.; 6ft thick. Possible use:
Fertilizer.

Brown County. Pennsylvanian, Wabaunsee group, Caneyville-Pony Creek
shale, SE4SE} sec. 31, T.1S., R.17E. Analyst, under supervision of
Runnels. (Plummer and Hladik, 1951, p. 20, 26, 27, 30, 31, 52.) Geologic
map. Results of experimental production of lightweight aggregate; bloating
results, screen analysis. Possible use: Lightweight aggregate,

4. Lab, No. BR-3-1, Shale, red and gray, unoxidized; 8,5 ft
sampled, 8.5 ft available,

5. Lab. No, BR-3-2. Shale, pink and gray, unoxidized; 4.5 ft
sampled, 4,5 ft available,

Clond County. Upper Cretaceous, Dakota sandstone, SW part SE}SWi sec.
32, T.8S., R.2 W. A-Cut-2, (McMillan and Wilson, 1948, p. 13, figs.

1-4,) Index map, generalized columnar section, log of cut, Possible use:

Ceramic products, (For analysis of top 1.1 ft of this section see sample 57,
group B of this compilation. )

6. Clay, gray, yellow streak; 5.7-10.3 ft below surface.

7. Clay, tan, gray; 4.1-5.7 ft below surface.

8. Clay, gray; 1.7-4.1 ft below surface.

Cloud County, Dakota sandstone, Terra Cotta clay member. T, 8 S.,

R.2 W. Analysts, Thompson and Runnels. (Plummer and Romary, 1947,

p. 79, 10, 42, 43, 61, 75, 82, 83, pl. 1.) Ball clay, Index map, outcrop map;
detailed measured section, correlated columnar sections, Ceramic tests,
physical properties, mineralogy. Use: Refractories.

9. SE} sec. 13, Lab, No, C-27-5, Ball clay, gray and light-gray,
slight yellow stain on joints in lower portion; fossil leaves, some lig-
nite, slight amount of gypsum; conchoidal fracture; 7.5 ft thick.

10, SWi sec, 32, Lab. No, G-27-13a, Ball clay, gray, slight yellow
stain, plastic, massive; conchoidal fracture on fresh exposure; tends
to weather platy; 10,8 ft thick,

Cloud County. Dakota sandstone, Terra Cotta clay member. Cen. S}

sec. 32, T.8S., R, 2 W. Analyst, Thompson, Lab, No. C-27, (Jewett
and Schoewe, 1942, p, 102, 99; Plummer and Romary, 1942, p. 335, 316,
329-331, 336.) Alumina clay, partly thin bedded, contains fossil leaves,
Overlain by light-gray and red mottled clay that grades upward into highly
hematitic clay; underlain by gray, silty, lignitic clay. Bulk density, 2.40.
Estimated tonnage. Index map, outcrop map, generalized measured section,
correlated columnar sections, Ceramic tests, mineralogy. Possible use:
Source of alumina.

Cloud County, Dakota sandstone. T. 8 S., R.2 W. Clay, Index maps,
generalized columnar section, logs of auger drill hole and open-cut.
Possible use: Ceramic products.

12, SE;SW} sec. 23, Hole A-34, (McMillan and Wilson, 1948, p. 10,
figs. 1-4.) Clay, dark blue-gray; 20, 5-28 ft below surface, (For
analysis of sample immediately below, see sample 53, group B of
this compilation. )

13. NW part SEASW§ sec, 32. A-Cut-1. (McMillan and Wilson, 1948,
p. 13, figs. 1-4.) Clay, gray; 2,7-10 ft below surface. (For analy-
sis from same measured section, see sample 55, group B of this
compilation. ) .

Cloud County. Dakota sandstone. NE{NW} sec, 32, T.8S., R. 2 W. Ana-
lyst, under supervision of Runnels. Lab. No, C-27, (Plummer and Hladik,
1951, p. 21, 26, 27, 31, 64, 65.) Clay, unoxidized; 12,0 ft sampled, 12,0 ft
available, Index and geologic map. Results of experimental production of
lightweight aggregate, screen analysis. Possible use: Lightweight aggregate.
Crawford County. Cherokee shale, above Croweburg coal. Swisw} sec, 34,
T. 38 S., R, 25 E. (as reported, this township not in Crawford County). Spec-
trographic analyst, Reed. Lab, No. 48-296. (Runnels, 1949, p. 44, 42, 45.)

{ Analysis suggests 9. 4 percent phosphate.) Shale, composite sample 4 ft
thick, dried at 140° C, Possible use: Fertilizer,

Crawford County. Cherokee shale. NE4SE} sec. 16, T. 16 S., R. 25 E. (as
reported, this township not in Crawford County). Analyst, under supervision
of Runnefs. Lab. No, CR-9., (Plummer and Hladik, 1951, p. 20, 24-27, 30,
81, 33, 52,) Shale, mostly oxidized; 10, 6 ft sampled, 20,0 ft available,
Index and geologic map. Results of experimental production of lightweight
aggregate, bloating results, screen analysis. Possible use: Lightweight aggregate.

237-368 0—67——6
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Crawford County. Pennsylvanian, Fort Scott limestone, Little Osage shale
member, SE} sec. 12, T. 30 S., R. 22 E., Stark quarry. Spectrographic
analyst, Reed, Lab, No. 48-295, (Runnels, 1949, p, 44, 42, 45.) (Analysis
suggests 4. 9 percent phosphate, 2.7 percent gypsum.) Shale, composite
sample, dried at 140° C. Possible use: Fertilizer,

Doniphan Couaty. Pennsylvanian, Lawrence shale. Cen. WiSW} sec. 33,
T. 3 8., R.22 E. Analyst, reference, tests, map, and use as in sample 16,
Lab. No. DN-4, Shale, partially oxidized; 25.0 ft sampled, 25.0 ft available.
Douglas County, Pennsylvanian, Stranger formation, Vinland shale member.
Cen. S§SW# sec, 15, T, 14 S., R. 20 E.  Analyst, reference, tests, map, and
use as in sample 16. Lab. No. DG-15, Shale, oxidized; 20. 0 ft sampled,
30,0 ft available.

Douglas County. Stranger formation. SWi sec. 11, T, 14 S,, R. 20 E.
Analyst, Runnels, Lab. No, DH-12-A. (Plummer and Hladik, 1948, p. 74,
62, 78, 79.) Shale; chanael sample, 12 ft thick. Firing and physical proper-
ties of ceramic slag. Index and geologic map.

Douglas County. Lawrence shale. SWINWi sec. 27, T. 14 5., R. 20 E,
Analyst, reference, tests, map, and use as in sample 16, Lab, No. DG-14.
Shale, oxidized; 20. 0 ft sampled, 25.0 ft available.

Elk County, Stranger formation, Robbins shale member. WiSWi sec. 22,
T. 31 S., R, 13 E. Analyst, reference, tests, map, and use as in sample 16,
Lab, No. EK-1. Shale, unoxidized; 22,0 ft sampled, 22.0 ft available.

Elisworth County. Lower Cretaceous, Kiowa shale, Analysts, Thompson and
Runnels. (Plnmmer and Romary, 1947, p. 174, 42, 43, 170-172, 175, pl, 1.)
Index map; detailed measured section, correlated columnar sections.
Ceramic tests, physical properties, mineralogy. Possible use: Lightweight
aggregate, structural tile, stonewate, earthenware,

23, Cen. S} sec. 1, T, 16 8., R, 7 W. Lab. No. E1-22-6. Clay-shale,
gray to dark-gray, some brown and yellow stain, plastic; selenite
crystals, clay-ironstone bands; cone-in-cone gypsiferous limestone;
21,1 fu thick.

24, NE4NE} sec. 34, T.17S., R. 6 W. Lab, No, E1-100-3, Clay-shale,
gray, yellow stain, plastic; 10 ft thick; upper part shows weathering;
bottom half contains clay-ironstone concretions.

Ellsworth County, Dakota sandstone, Terra Cotta clay member.

25, NW} sec, 29, T.15S., R. 6 W. Analysts, Thompson and Runnels.

Lab. No. El-12-4, (Plummer and Romary, 1947, p. 79, 10, 42, 43,
61, 68, 15, 82, 83, 87.) Ball clay; 6.6 ft thick, sectioned from top
to bottom as follows:

3.0 ft...... gray, plastic with fossil leaves.

1.o0ft...... light-gray, slightly silty.

2,6 ft...... dark-gray, fairly plastic; considerable lignite,

some fossil leaves,

Index map, outcrop map; detailed measured section, correlated
columnar sections, Ceramic texts, physical properties, temperature-
specific gravity and temperature-apparent specific gravity curves,
mineralogy. Possible use: Refractories.

26. (Probably Dakota sandstone, Terra Cotta clay member; NWj sec.29,
T.158., R. 6 W. Plummer and Romary, 1947, p.68.) Analyst,
Thompson. Lab. No. E1-12-4, (Jewett and Schoewe, 1942, p.102.)
High-alumina clay. Estimated tonnage. Possible use: Source
of alumina.

27. (Probably Dakota sandstone, Terra Cotta clay member; NW} sec. 19,
T, 16 S., R, 7 W. Plummer and Romary, 1947, p.69.) Analyst,
Thompson. Lab. No. E1-52~3, (Jewett and Schoewe, 1942, p,102.)
High-alumina clay. Estimated tonnage. Possible use: Source
of alumina.

Ellsworth County. Dakota sandstone, Janssen clay member. NW} sec. 33,
T. 14 8., R, TW. Analysts, Thompson and Runneis. Lab. No. E1-91-1,
(Plummer and Romary, 1947, p. 101, 10, 42, 43, 94, 102, 104, pL 1.) Plas-
tic fire clay, dark-gray, some yellow-orange stain on joints; slightly silty;
some selenite crystals, lignitized wood and fossil leaves; conchoidal fracture;
massive, weathers platy; more than 16 ft thick. Index map, outcrop map;
detailed measured section, correlated columnar sections, Ceramic tests,
physical properties, mineralogy. Possible use: Brick, tile, refractories.

Ellsworth County. Dakota sandstone, SW part SE{SWi sec. 15, T.158S.,
R. 6 W, Clay. Index maps, generalized colnmnar section; logs of auger
drill holes, Possible use: Ceramic products,
29. Hole C-29. (McMillan and Wilson, 1948, p. 35, figs. 1-3, 6.)
Clay, dark-gray, 3-16.5. ft below surface.
30, Hole C-27, (McMillan and Wilson, 1948, p.34, figs, 1-3, 6.)
Clay, gray; 1.5-10 ft below surface, (For analysis from same
measured section, see sample 120, group B of this compilation, )
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TABLE 9.-— Analyses of samples from Kansas containing more than 75 percent clay (Group D) common and mixed rock categories--Continued

Kansas
31 32 33 34 35 36 37 38 39 40 41 42
15D27-87 | 15D27-90 | 15D27-93 | 15D27-74 | 15D27-73 | 15D27~72 | 15D27-81 | 15D27-84 | 15D27-78 | 15D27-92 | 15D27-88 | 15D27-83
Si0z+veenseessnsnnsansseseees| 61.86 64.43 59.73 52.90 52.24 51.88 59.60 60.56 56.26 55. 06 63.42 60.54
ALOgursrenenens 18.25 20,70 21,56 21.23 21.28 22,88 23,55 22.06 22.38 21.49 16,71 24,07
6.34 7.16 6.52 9.63 10.85 9.08 5.15 4,70 5.34 7,20 9.41 2.98
1.28 1.07 1.04 1,04 1.11 1.06 1.32 1,14 1,08 1,04 1.11 1.24
IZNItION 108 «vverenereancanss| 10,37 7.40 7.58 12.90 12,63 10.58 9.36 9.52 12,79 12.95 6.96 8.15
TOtalsuvverenernsensensas| 98,10 | 100,81 96,43 97.70 98,11 95,48 98.98 97.98 97,85 97,74 97.61 96.98
Class vevveneeenns 22,74,0 | 20,80,0 | 14,81,0 | 5,92,0 | 2,95,0 | 1,93,0 | 12,86,0 | 16,81,0 | 11,86,0 | 9,88,0 | 23,73,0 | 15,81,0
5] 4 45 % a7 48 *49 50 51 52 53
15D27-89 | 15D27-76 | 15D29-2 | 15D29-3 | 15D30-2 | 15D30-3 | 15D42-3 | 15D42-2 | 15D44-2 | 15D44-1 | 15D44-3
Si0z e enseasaraansannanssasancnecaranaens] 63,91 55.63 57.48 62.16 51,56 54,28 59.13 63,07 57.68 55.59 58,66
AlOs..... 19.36 25,84 27,03 22,71 22.50 21,90 15.30 23,91 922,45 23,08 922,50
FezO3... 5.25 3,77 1.70 1.64 8,21 8,28 9.48 1,61 6.24 6.98 4,86
MgO.... 1.27 1,02 1.80 2,27 1.96 .91 .30 1.18 1.34 1.29
Cao.... .85 .79 .64 1,09 .85 .48 .42 .34
Na0 oeu. .59 .67 .64 .80
KiO vevveen } 2760 amo) 220 { 3.54 | 3.69 } 8.5 387 | 4.2
TiOz +.. 1,10 1,01 .30 1,10 1,27 1,01 4,66 .87 .18
PrO5 seeveneces .22 .13 .11 Tr.
SO§ senveracrannaes .23 Tr. .18 Nil
IGNILION 10SS «enerenareneonsacesananannnas|  7.30 8.36 7.61 7.09 7,77 6.79 5.92 6.89 6.01
TOtleuereenarencesensensensnnseens| 96,92 99,49 | '98.64 99.34 | 299,25 | ®99.36 99,42 | 101,11 99,76 99,78 99.34
Class sevevecssscassssasasnsnsscsnsnnses| 24,72,0 6,87,2 8,86,1 20,72,2 3,817,0 6,85,0 21,68,0 19,77,1 11,82,0 7,86,0 13,79,0
54 55 56 57 58 59 50 61 52 63 *64
15D45-42 15D46-6 15D51-1 15D52-3 | 15D53-28 | 15D53-27 | 15D56-2 15D56-3 15D63-7 15D63-6 15D70=-5
Si024esenesencnnenaresensensanscesnannes] 60,78 55.14 60.26 61.54 62.96 59.64 55.74 58,81 57.09 54,73 48.60
ALOjeunererreernennes eeeneens| 17.95 21.05 18,35 18.52 25,25 17.98 21,00 29.39 20.31 17.90 21.85
Fe208ereanesnsceeacssconsennssnnssenees| 5461 7.59 5.45 6.54 .96 8.14 7.49 : 7,47 8.05 | 416,70
Mg0urrenerennnen .10 2,12 3.40 1.75 .48 2.09 2,57 2,11 1,86 2.56 5,35
[orYe T vevseeess| 1,20 1,32 1,07 .41 A4 .94 .70 .94 .69 3.55 52,80
Naz0 eevenne 1,08 .63 .79 .29 1.54 . .87 1.42
e |f 20 { 3,56 2.98 2.97 } L7 { 1,93 3.1 0O 2,44 307 | eeen.
ceverenaes| 111,34 cesrine | eeenee | eeeses | 23,00
TiOg cevenenerensanes 1,47 1,42 1.36 .57 2.36 1,02 1,55 .87
Pa05 weveerenncanne .22 .17 .18 .04 .17 .28
803 sevees .22 Tr. Tr. .21 Nil .10 Tr. $4.70
TSRO 1058 «vevenseosnensecanennnsonnans 6.90 6.27 5.89 .79 6.69 5.97 5.17 6.83 8.33 %2,00
TOtal e ruuerenseanensesnnnananannsees]| 99.91 [10100.67 | 100,00 99.95 99,16 | 100.31 |99,97 96,42 |'299.21 | 100.76 | 100.00
9,81,0 | 22,68,1 | 21,71,0 | 17,78,1 | 19,74,0 | 10,80,0 | 10,84,0 | 13,79,0 | 14,73,4 | 10,64,0

199,41 in text.
299.47 in text,
99,49 in text.
4 Reported as protoxide,

$ Calculated from reported MgsO, and (or) GasOy.
® Difference between 100 percent and total is largely alkalies,

7 Reported as water of constitution.

8 At 100° C., reported as H;O- .
? Reported as organic matter,
19100.60 in text.
1100.14 in text,
299,31 in text.
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Kansas-~Continned

Ellsworth County. Upper Cretaceous, Dakota sandstone, SE part NWiSE}
sec, 19, T.15 8., R, 6 W, Hole C-9, (McMillan and Wilson, 1948, p, 37,
figs. 1-3, 7.) Clay, varicolored, 13-27 ft below surface. Index maps,
generalized columnar section; log of auger drill hole. Possible use: Ceramic
products. (For lysis from same ed section see sample 127, group B
of this compilation. )

Ellsworth County. Dakota sandstone, Clay, Index maps, generalized
columnar section; logs of auger drill holes and open cuts, Possible use:
Ceramic products,

32, NW part SE4SE4 sec. 19, T. 15 5., R. 6 W. C-Cut-7. (McMillan
and Wilson, 1948, p. 38, figs. 1-3, 7.) Clay, gray-brown; 7-14.3ft
below surface.

33, NW part SE4SE} sec, 19, T.15S., R. 6 W, Hole C-§-12,
(McMillan and Wilson, 1948, p. 38, figs. 1-3, 8.) Clay, gray-
brown; few yellow streaks; 7-14 ft below surface,

34, NW part NWiNW} sec. 29, T.15S5., R. 6 W. Hole C-S-9,
(McMillan and Wilson, 1948, p, 27, 26, figs. 1-3, 8,) Clay, gray;
red and yellow streaks; 2-10. 5 ft below surface,

35, NW part NWiNW} sec. 29, T.158., R, 6 W, C-Cut-2.
(McMillan and Wilson, 1948, p, 27, 26, figs. 1-3, 8,) Clay, vari-
colored; 2-9, 9 ft below surface.

36. SW part NWiNW} sec. 29, T.155., R. 6 W. Hole C-5-2.
(McMillan and Wilson, 1948, p. 25, figs. 1-3, 8.) Clay, vari-
colored; 12-22 ft below surface.

37. SW part NWiNW} sec, 29, T. 15S,, R. 6 W, Hole C-§5-2,
(McMillan and Wilson, 1948, p. 25, Figs. 1-3, 8,) Clay, red,
gray; 7-12 ft below surface,

38, SW part NWiNW} sec. 29, T.155., R. 6 W. Hole C-5-2.
(McMillan and Wilson, 1948, p. 25, figs. 1-3, 8.) Clay, red, gray;
2-17 ft below surface,

39, SW part NWiNW% sec. 29, T. 15S., R. 6 W. Hole C-5-10.
(McMillan and Wilson, 1948, p. 27, figs. 1-3, 8.) Clay, gray;
red and yellow swreaks; 1,5-8 ft below surface,

40, SW part NWiNW} sec. 29, T. 15S., R. 6 W. C-~Cut-3.

(McMillan and Wilson, 1948, p. 27, figs. 1-3, 8.) Clay, vari-
colored; 1.5-7.2 ft below surface; some lignite.

41, NW part NWiSE} sec. 29, T.15S., R, 6 W. Hole C-S-3,
(McMillan and Wilson, 1948, p. 26, 25, figs. 1-3, 8.) Clay, gray,
red; 9-15. 5 ft below surface.

42. Cen. NE}NE} sec.25, T.15 6., R. 7W. Hole C-50. (McMillan
and Wilson, 1948, p. 29, figs. 1-3, 9.) Clay, gray; brown streaks;
3-12, 5 ft below surface. (For another analysis from same measured
section, see sample 136, group B of this compilation. }

43. Cen. NE}NW} sec. 25, T.155., R. 7 W. Hole C-52. (McMillan
and Wilson, 1948, p. 29, figs. 1-3, 9.) Clay, varicolored, 5-18 ft
below surface.

Ellsworth County. Upper Cretaceous, Graneros shale. NWiNw} sec. 25,

T. 15 5., R. 10 W. Analysts, Thompson and Runnels, Lab. No. E1-43-19.
(Plummer and Romary, 1947, p. 180, 42, 43, 176, 179, 181, pl. 1.) Clay
shale, yellowish-gray, very plastic; 2 ft thick; concretionary limonite at top
and bottom. Index map; detailed measured section, correlated columnar
sections. Ceramic tests, physical properties, mineralogy. Possible use: Light-
weight aggregate, insulating and structural tiles; stoneware, earthenware.

Ford County., Dakota sandstone, Janssen clay member. NW5SW% sec. 30, T.
25 8., R. 23 W. Analysts, Thompson and Runnels, ( Plummer and Romary, 1947,
p. 101, 10, 42, 43, 75, 96, 99, 102, 104, 105, pl.1.) Index map, outcrop map;
detailed measured section, correlated columnar sections. Ceramic tests,
physical properties, mineralogy, Possible use: Brick, tile, refractaries.

45. Lab, No. F-1-13. Ball clay, smooth, hard; 2.5 ft thick. Upper
1. 6 ft nearly white, almost no stain; lower 0.9 ft dark gray.

46. Lab, No, F-1-14, Fire clay, nearly white, smooth, fine-grained,
hard; few limonite-filled root cavities; 2. 8 ft thick.

Franklin County. Pennsylvanian, Weston shale. Cen. SW§ sec. 29, T. 155.,
R. 21 E. Analyst, under supervision of Runnels. (Plummer and Hiadik, 1951,
p- 20, 24, 25, 30, 52, 58.) Shale, red and gray, mostly unoxidized; 48. 5 ft
sampled, 60. 0 ft available. Results of experimental production of light-
weight aggregate; screen analysis. Geologic map. Electron micrograph.
Possible use; Lightweight aggregate.

47. Lab. No. FR-6-AB,

48. Lab, No. FR-6-C.

Hodgeman County. Dakota sandstone, Terra Cotta clay member. SE} sec. 24,
T.22 5., R, 22 W. Analyst, Runnels. Lab. No. H-1-0. (Plummer and
Hladik, 1948, p. 74, 62, 82, 83, 95.) ( Analysis shows 4.7 percent TiOg, 3.5
percent alkalies; suggests 1.4 percent more CaO and MgO than required for
carbonates.) Clay, 5.3 fu thick; ch 1 ple. Firing and physical proper-
ties of ceramic slag. Index map, Possible use: Ballast, concrete aggregate.

50.

51-53.

54,

55,

56.

57,

58,

59,

60,

61,

62,

63.

*64,
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Hodgeman County. Dakota sandstone, Janssen clay member. SE4SW} sec.24,
T. 22 5., R, 22 W. Analysts, Thompson and Runnels, Lab, No. H-1-6,
(Plummer and Romary, 1947, p.101, 10, 42, 43, 97, 99, 102, 105, pl. 1,)
Fire clay, gray to black, fairly plastic; 5.4 ft thick; some lignite in lower
2,5 ft. Index map, outcrop map, detailed measured section, correlated co-
lumnar sections, Ceramic tests, physical properties, mineralogy. Possible
use: Brick, tile, refractories.
Jefferson County. Pennsylvanian, Howard limestone, Aarde shale membet.
Sec. 22, T. 9S., R. 17 E. Analyst, Runnels. (McMillan, 1956, p. 214,
194, 195, pls. 1, 2,) Selected samples. Index map, outcrop map, columnar
section, correlated columnar sections; mechanical analyses; estimated
amounts of clay constituents and relationship to structure,

51, Nonmarine shale, 14-20 in.below coal.

52. Nodaway underclay, 7-14 in.below coal.

53, Nodaway underclay, 0-7 in.below coal.
Jewell County. Upper Cretaceous, Niobrara formation, s} sec.5, T. 1.,
R. 7 W., Kern farm, near town of Superior, Nebraska. Analyst, Robinson.
Lab, No, 10, (Barbour, 1913, p. 98, 105,) Clay. Use: Cement material.

Johnsen County. Pennsylvanian, Cherryvale shale, Fontana-Wea shale mem-
ber. North line NEfNE} sec. 21, T. 13 5., R. 25 E. Analyst, under snper-
vision of Runnels, Lab, No, JN-7, (Plummer and Hladik, 1951, p. 20, 24, 25,
31, 34, 52,) Shale, red and black, mostly unoxidized; 37.0 ft sampled,
37.0 ft available. Geologic map. Resnits of experimental production of
lightweight aggregate; bloating results, screen analysis, Possible use:
Lightweight aggregate,

Lane County. Pliocene, Ogallala formation, SWiNW#} sec. 23, T. 16 S.,
R. 27 W, Analyst, under supervision of Runneis, Lab. No. LE~1. (Plummer
and Hladik, 1951, p. 21, 50, 71.) Shale 8 ft thick. Possible use:
Lightweight aggregate,

Leavenworth County. Pennsylvanian, Weston shale, Cen. east line sec. 35,
T.9S., R.22 E. Analyst, under supervision of Runnels, Lab. No. LV-4.
(Plummer and Hladik, 1951, p. 20, 24, 25, 31, 34, 52.) Shale, mostly un-
oxidized; 30,0 ft sampled, 30.0 ft available. Geologic map. Results of ex-
perimental production of lightweight aggregate, bloating resulis, screen
apalysis. Possible use: Lightweight aggregate.

Lincoln County. Dakota sandstone, Terra Cotta clay member, NE} sec.19,
T. 12 5., R. 10 W. Analysts, Thompson and Runnels, Lab. No. L-38-5,
(Plummer and Romary, 1947, p. 79, 10, 42, 43, 70, 75, 82, 83, pl.1,) Ball
clay, light-gray, slight amount of sulfur yellow on joints; plastic, lignite par-
ticles and lignitized fossil leaves; 7.2 ft thick, Index map, outcrop map;
detailed measured section, correlated columnar sections. Ceramic tests, phys-
ical properties, mineralogy. Possible use: Refractories, structural nnits.

Lincoln County. Dakota sandstone, SWiNW% sec, 36, T, 11S,, R. T W.
Analyst, under supervision of Runnels. Lab. No. L-4-C. (Plummer and
Hladik, 1951, p.21, 28, 29, 31, 64, 65.) Clay, dark-gray, unoxidized;
14,2 ft sampled, about 20.0 ft available. Index and geologic map. Results
of experimental production of lightweight aggregate, bloating results, screen
analysis. Possible use: Lightweight aggregate,

Lyon County, Pennsylvanian, Wabaunsee group, Langdon shale. NE3SWj
sec. 35, T.178,, R, 12 E. Analyst, under supervision of Runnels, Lab, No,
LY-4, (Plummer and Hladik, 1951, p. 20, 26, 27, 30, 35, 52,) Shale, red
and gray, unoxidized; 11,0 ft sampled, 11,0 ft available. Geologic map.
Results of experimental production of lightweight aggregate, bloating results,
screen apalysis.  Possible use: Lightweight aggregate.,

Lyon County, Langdon shale. SE} sec, 35, T.17S., R. 12 E. Analyst,
Runnels. Lab, No, LY-22, (Plummer and Hladik, 1948, p. 74, 62, 78, 79.)
Shale, 5 ft thick, channel sample. Firing and physical properties of ceramic
slag. Index map. Possible use: Ceramic slag,

Montgomery County. Pennsylvanian, Coffeyville formation. W} sec. 2,

T. 358, R 16 E. Analyst, under supervision of Runnels. Lab. No. MG-3.
(Plummer and Hladik, 1951, p. 20, 24, 25, 30, 35, 52, 56,) Shale, red and
gray, unoxidized; 25,0 ft sampled, 60.0 ft available, Geologic map, Re-
sults of experimental production of lightweight aggregate, bloating results,
screen analysis. Electron micrograph. Possible use: Lightweight aggregate,

Montgomery County. Pennsylvanian, Bonner Springs shale, NE{SW% sec.?,
T.318S., R, 16 E. Lab, No. MG~2. Analyst, reference, map, tests and
use as in sample 62, Shale, darkegray, unoxidized; 15.0 ft sampled, about
50. 0 ft available.

Osage County. Howard limestone, Aarde shale member, Nodaway underclay,
(R. T. Runnels, written communication, 1954), T. 14 S,, R, 15 E., town
of Carbondale. (Saunders, 1875, p. 8.) (Analysis shows 16,7 percent FeO;
suggests 8. 6 percent gypsum.) Fire clay; beneath coal bed,
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TABLE 9.— Analyses of samples from Kansas containing more than 75 pescent clay (Group D) common and mixed rock categories-~Continued

Kansas
65 66 67 68 69 70 71 72 73 74 75
15D70-1 | 16D72-17 | 15D72-18 | 15D72-24 | 15D72-20 | 15D72-23 | 15D72-21 | 15D72-22 | 15D74~16 | 15D74-17 | 16DT4-18
Si0gecuiseteracstenesconcnsacerarannane 59.77 60,41 61,62 64.23 62.14 63,54 62,90 63,17 51. 60 51,92 52,38
AlO3esereretanstassccnnreasrssnsnanas 21,95 126,93 126,46 222,84 224,27 20,88 20.85 23,07 20, 46 20.52 18,82
FEpO5eeaannnnecaceinsnnsscseccanannannas 4,85 1,41 1,12 31,51 32,16 2,55 2.55 1.55 1.86 2.10 3.16
MEO tiiieiiieininneinincncasnsnsnsnnss 1,01 .16 .50 .63 .54 treeea cavese .04 .02 .45
L .36 .31 .35 .28 .54 cesane ceesee 2.25 2.17 1,98
NazO cvevereiernenneristessnsssccacanses .73 .20 .15 vereee PPN
7 } 2.28 2.90 { 1.59 IR ST (U IR 19 S IEEEEEE
caeens vreeae e vevene [ ceenen 413.8 412.2 412,9
.97 cseens 51,29 51,09 1,31 1.32 1.39 .02 .02 .02
Nil reesee Tr. Tr, seenen . 1,10 .84 .90
.01 ceveso Nil Nil sesane evrvos ceesen PRI PR ereesn
6.38 7.28 617,33 68,41 9.28 9,77 8,83 79,35 710,47 79,58
99,74 99,72 |8100.23 99, 90 100.02 97.56 97.39 98.01 100.5 100.9 100,2
Cla5 vuveunnreenennscesasnssenanessenss | 15,77,0 | 11,85,1 | 14,83,1 | 22,73,2 | 17,79,2 | 24,73,0 | 23,73,0 { 21,76,0 | 13,82,3 | 13,83,3 | 16,80,3
76 *77 *78 79 80 81 82 83 *84 85 86
16D74-19 [ 15D78-5 | 15D78-6 | 15D79-7 | 15D79-8 | 15D84-2 15D84-3 | 15D84-4 | 15D84-5 | 15D85-3 | 15D89-3
103 e ivinnencrocsarersrasasanensransne 53.39 52,00 52,36 62.00 59.83 58.65 81.81 61.94 55,30 60. 56 57.45
. cesestsessreneteonns 18.15 17.04 15.81 20,19 21.02 21,22 128,45 125,48 16.02 18.98 20.75
FEgO5eiianaracanenanerionsnsssnonenas 4.05 6.23 7.03 5.46 6.07 4,27 1.28 2,86 8.31 5.86 6.48
MBO triireneocraacacecenanensnssonanne .13 6.83 9.14 .55 .38 .53 .64 .26 .19 1.84 2,07
Ca0 . uieerenennnesensasssenaesasescocss 5.18 2.40 3.10 .41 1.82 .98 .37 .83 2.06 1.37 .82
Nazg0 teieeernrerennnssonsasansscasnnnns .65 11 1,08
KzO tiiiiiiiinensneneacacinnanncanns ces } 1.80 3.69 { 3.28 } 2.4 b.57 .40 1.98 2.08 218 { 2.32 3.54
2 49.0 cesees cossee cesaee eresas cereen [N seaees cessne [ PETEEES
ereesssiranas .03 5.59 .91 2.86 1.16 3.91 vesane cevees .59 1,09 1,37
. None Nil . .24 .12 .23
803 tcvverecesansncans . .34 vesens eresns veenne 4,70 1.19 Tr.
Ignition 1088 vuevvevrevrennsnnnsnonsoanas 717,02 6.66 1.72 6.50 7.83 7.55 8.97 7.68 10.70 6.53 6.67
7 P 99,1 9100.44 100,00 [0100.38 1 g9, 68 99,51 [12101,50 |1*100,78 100,89 14 99,95 100.46
Class couevrenensconssssssasanrcasassnnss 17,18,3 15, 66,2 16, 64,4 20, 74,0 16,78,2 16, 74,3 14,84,2 14, 84,1 18,69,2 20,7,1 13,178,0

Quantitative spectrochemical analyses
[standard graphite electrodes used, Co, Za, Ge, Sr, Zr, Ag, Cd, Ba, and lanthanides not found. Further explanation of table (Plummer and others, 1954, p.169,170) ]

68

69

68

69

Vo etttseeseesesosansssccsssnessssscsatonsssssssnesananns

0,0131

0,0125

Ga tevennesvanarsann

0,0038

0,0049

CF teenevevresessenenssonseansssatnsnsosessssasesavsanse| <0105 L0102 MO aerrarenns .00 .0033
M erureneeeeeessnnnesasesesaacanssasnsssossascnanaanss]| +0070 .0069 SO veeernssnones Tr. Tr.
NE teenevessnnesesenssssasscsonescassansassasssnsaneseos| 20038 .0050 PD vvveveeveenonnsnssnsesacasosanssssasacesnsensareenses| TL Tr.
Gl eevnneeneeneesssscessssessvasenasnannssssasassasasans] 2.0018 | %,00135

! Includes TiO, .

? Includes Ga,05 and MnO, if present.

3 Total iron.

4 At 105° C.

5 Contains ZrO, and V,0j if present.

140° -1,000° C.

7 At 900° C. (ignition loss reported in text includes HyO-.)
#100.20 in text,

?100,40 in text. MnO reported as slight trace.
0100,47 in text,

100,12 in text.

2 101,40 in text,

100,68 in text.

4 100,07 in text.

15 Not as accurate a determination as other elements

(Plummer and others, 1954, p.171).
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Kansas--Continued

Osage County. Pennsylvanian, Howard limestone, Aarde shale member, Noda-
way underclay. Sec.34, T.17S., R.14 E, Analyst, Runnels, (McMillan, 1956,
p. 214, 194, 195, 222, pls.1, 2.) Underclay, 0-4 in.below coal. Index map,
outcrop map; ¢ol section; h
amounts of clay constituents and relationship to structure.

Ottawa County. Upper Cretaceous, Dakota sandstone, Terra Cotta clay
members, T.9S., R.2 W. Analysts, Thompson and Runnels, (Plummer
and Romary, 1941, p. 79, 10, 42, 43, 70, 71, 75, 81-83, 87, 148, 150, pl. 1.)
Index map, outcrop map, detailed measured sections, correlated columnar
sections, Ceramic tests, physical properties, mineralogy. Possible use:
Refractories.

66. SWiSE} sec. 5. Lab. No, O-6-3, Ball clay, light-gray, very little
stain, plastic; conchoidal fracture; 5.3 ft thick.

67. NWiNE} sec. 8. Lab, No, O-38-4. Ball clay, light-gray, almost
no stain, plastic; slickensides on small joints; some lignite particles;
6.2 ft thick. Correlation of temperature-porosity and temperature~
absorption curves, Temperature~-specific gravity and temperature-
apparent specific gravity curves, Absorption-temperature curve,
porosity-temperature curve.

Ottawa County. Dakota sandstone. Analyst, Runnels. (Plummer and others,
1954, p. 164, 160-162, 166, 170, 171, 173, 178, 181, 186, 206, pls. 2, 3.)
Additional chemical analyses of sized fractions of sample; specirochemical
analyses of clay fraction <2 microns. Statistical data. Petrographic and
mineralogical data, ceramic tests, differential thermal curves, mechanical
analyses. Photomicrographs of thin sections, electron micrographs of clay
particles. X-ray diffraction data. Weighted composition of sized fractions.

68. Terra Cotta clay member. NW}NE} sec. 8, T.9S., R.2 W, Lab.
No. 0-38-4. Ball clay, light-gray, moderately fine-grained, smooth,
plastic, some lignite particles and small amount of limonite stain;
bed 6.3 ft thick; overlain by mottled clay, underlain by silty and
gritty clay. Use: Pottery,

69, Janssen clay member, SWNE} sec, 18, T.11S., R.4 W. Lab. No.
0-5-6. Clay, dark-gray to black, plastic, fine-grained, slick ap-
pearance, conchoidal fracture, hard; contains numerous small slicken-
sides; 2, 8-5. 7 ft thick; channel sample from 3 pits. Possible use:
Brick,

Ottawa County. Dakota sandstone. T.9 S., R.2 W. Index maps, general-
ized columnar section, logs of open-cut and drill holes, Possible use:
Ceramic products.

70, SW part SWiNE} sec, 5. Hole A-54, (McMillan and Wilson, 1948,
p.17,figs.1-4.) Clay,gray,few yellow streaks; 7-18 ft below surface.

71, SW part NW4SE} sec.5, Hole A-50. (McMillan and Wilson, 1948,
p.16, figs.1-4.) Clay,dark-gray,some silt; 10-16 ft below surface.
(For another analysis from same measured section see sample 268,
group B of this compilation.)

2. SW part NWiSE} sec, 5. A-Cut-5. (McMillan and Wilson, 1948,
p. 18, figs. 1-4,) Clay, dark, blue-gray, few yellow streaks; 2-9 ft
below surface,

Phillips County. Upper Cretaceous, between Pierre shale and Niobrara for~
mation. Analyst, Thompson. (Kinney, 1942, p. 358, 354, 364-366, 373,
375.) Immersion, gelation, and other physical tests. Index map.

73. Sec, 10, T, 1 5., R, 18 W, Lab. No. 2. Alkali-bentonite, very light-
gray; middle of deposit, 1 fethick. Possible use: Refractories; filler,
cosmetics, (For other analyses from same measured sectionsee sample
74, following sample, and sample 275, group Bof this compilation, )

74, Location as in sample 73. Lab. No. 1. Alkali-earth subbentonite,
blue-gray; upper part of deposit; 1, 5 ft thick; overburden 15 ft.

75. SE} sec. 35, T.18S., R, 20 W, Lab, No. 7, Alkali subbentonite ,
traces of volcanic ash, very light yellow-gray; bottom of deposit,

0. 66 ft thick, Possible use: Soap.

76. Location as in sample 75, Lab. No. 8, Alkali-bentonite, light
greenish gray; upper part of deposit, 3.5 ft thick, overburden 5 ft.
Possible use: Bond for foundry sand, ceramic products, cement
mixtures,

ical analysis; X-ray patterns; estimated

*17.
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*84,
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Reno County. Permian, Ninnescah shale (R, T. Runnels, written communi-
cation, 1954.) NW% sec. 8, T.255,, R.5 W, Analyst, Rumnels, Lab, No.
RO-1-2, (Plummer and Hladik, 1948, p. 74, 62.) (Analysis shows 5. 6 per~
cent TiOg, 3,7 percent alkalies; suggests 8. 4 percent more CaO and MgO
than required for carbonates.) (Shale.) Index map, Use: Ceramic slag.
Reno County. Ninnescah shale. Sec.21, T.25S., R. 6 W. Analyst, under
supervision of Runnels. Lab. No. RO-2. (Plummer and Hladik, 1951, p. 21,
26, 217, 31, 64, 65,) (Analysis shows 3, 9 percent alkalies; suggests 10,3
percent more CaO and MgO than required for carbonates,) Shale, oxidized;
11, 3 ft sampled, about 30. 0 ft available. Index and geologic map. Resnlts
of experimental production of lightweight aggregate, screen analysis,
Possible use: Lightweight aggregate.
Republic County. Dakota sandstone, Terra Cotta clay member. Cen. wi
sec, 11, T, 4 S., R. 1 W. Analyst, Thompson and Runnels, Lab, No, RP-
8-2, (Plummer and Romary, 1947, p. 165, 10, 42, 43, 159, 163, 166, 167,
plL. 1.) Clay, 21,9 ft sectioned from top to bottom as follows:
2,4 ft...... clay, buff and gray, silty.
6.8 ft...... clay, yellow-gray and brownish-red to mottled red,
slightly silty,
12,7ft...... clay, light-gray with pinkish-red, yellow and some
lavender mottling, slightly silty.

Index map, outcrop map, detailed measured section, correlated columnar
sections, Ceramic tests, physical properties, mineralogy. Possible use:
Refractories.
Republic County, Upper Cretaceous, Graneros shale. NE{NW} sec. 34,
T.3S., R.1 W. Analysts, Thompson and Runnels. Lab. No. RP-7-2.
(Plummer and Romary, 1947, p. 180, 42, 43, 179, 181, pl. 1.) Clay-shale,
gray to dark-gray, some silty partings, yellow limonitic sand streaks; 12. 5 ft
thick, Index map; detailed measured section, correlated columnar sections.
Ceramic tests, physical properties, mineralogy. Possible use: Lightweight
aggregate, insulated structural tile; stoneware, earthenware.
Russell County. Dakota sandstone, Janssen clay member, NEiNW} sec, 25,
T. 12 S,, R. 11 W. Analysts, Thompson and Runnels. Index map, outcrop
map; detailed measured sections, correlated columnar sections, Ceramic
tests, physical properties, mineralogy. Possible use: Refractories.

81, Lab, No. R-6-5. (Plummer and Romary, 1947, p. 165, 10, 42, 43,
158, 163, 166, 167, pl. 1.) Clay, gray, some fine red mottling,
small selenite crystals; some yeliow mottling in upper 7 ft; plastic;
11.2 fu thick. .

82, Lab. No. R-6-9. (Plummer and Romary, 1947, p. 79, 10, 42, 43,
72, 75, 82, 83, pl. 1.) Ball clay, gray to black, some sulfur yellow
stain; some lignite and selenite in upper 4.2 ft; plastic; 7.8 ft thick.

83. Lab. No. R-6-11. (Plummer and Romary, 1947, p. 79, 1o, 42, 43,
72, 15, 82, 83, pl. 1.) Ball clay, gray to dark-gray, lignite particles,
plastic; 5.7 ft thick.

Russell County, Graneros shale. NW}NWi sec, 35, T. 12 S., R. 14 W,
Analyst, under supervision of Runnels. Lab, No, R-15. (Plummer and Hladik,
1951, p. 21, 28, 30, 39, 64, 65.) (Analysis shows 2,2 percent alkalies; sug-
gests 6.3 percent gypsum, 1.8 percent SOg not used in gypsum.) Shale, red
and gray, unoxidized; 14,0 ft sampled, 14,0 ft available. Index and geo-
logic map, Results of experimental production of lightweight aggregate,
bloating results, screen analysis. Possible use: Lightweight aggregate.

Saline County, Lower Cretaceous, Kiowa shale. NE{NE} sec. 8, T.15S.,
R. 4 W. Analyst, under supervision of Runnels. Lab. No. S-18, (Plummer
and Hladik, 1951, p. 21, 26, 27, 30, 39, 64, 65.) Shale, pink and gray, un-
oxidized; 27,0 ft sampled, 27.0 ft available. Index and geologic map.
Results of experimental production of lightweight aggregate, bloating results,
screen analysis. Possible use: Lightweight aggregate.

Shawnee County. Pennsylvanian, Calhoun shale. Cen. NiSW% sec, 15,
T.11 5., R. 16 E. Analyst, under supervision of Runnels, Lab. No, SH-2.
(Plummer and Hladik, 1951, p. 20, 26, 27, 30, 36, 52.) Shale, red and gray,
unoxidized; 15,0 ft sampled, 15,0 ft available. Results of experimental pro-
duction of lightweight aggregate, bloating results, screen analysis, Geologic
map, Possible use: Lightweight aggregate.
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TABLE 9.~ Analyses of samples from Kansas containing more than 75 percent clay (Group D) common and mixed rock categories--Continued

Kansas

*87

88

89

90

91

92

93

4

95

96

15D89-4

15D100-10

15D100~-11 | 15D101-17

15D101~23

15D101-16

15D101-11

15D101-18

15D101-20

15D101-24

SI0g e eeteeueneatensesstsacantsasarestasascnssranes 56,39
sesesssasssersennee 20,08

ceessesassetesenren 6.64

.40
.8
3.70
Hy0- at 105°C ...
TIO; veveeeennnes

PiOs5 ceveesnnnses .03
SOS cavecsssessssssatassosossssssssnnssacascsascss .32
Seeeenoescseccnsssseossosscssrsoasscccrssssssscnns .03
IgNItion 10SS cuvvevececciosnnoronesncssctcsssssnenns 6.55

52,28
20,20
3.20
.49
2,04

b

6.4
.01
1,57

213,66

55.71
21,55
3.31
.16
1,32

sesaae

9.0
.02
2,18

ceesen

22,78

59.88
30,90
1.69

ceesne
ceesse
sesase

7.26

62.02
126,54
1.52
.65

.39

3.19

csssee
senese
sessee
csesee

7.45

59.76
26,15
2,18
1.35
1.27

2.70

1,06

esesan

7.20

56.74
25.24
2,06
1.37
.54

3.42

2,27

seenae

7.50

60,70
28.44
2,88

seessn

.27

60,95
24,09
2.54
1.17
.65

1,76

cseses
.33
casene

sesses

8.44

62,26
22,68
2,48

seeass
sessse

1.33

9.20

TOtal cassnsnesnsosssosnnasassossoacsnsocsnansss | ° 97,46
Class v4vvsnsnsnes 13,76,0

100,1
13,82,3

96.0
14,78,0

99,97
3,96,0

101,76
13,84,1

4101.67
11,84,0

99,14
10,81,1

99.93
15,79,4

97.95
19,77,0

Si0zeceereteracareiassancescorcnsssctsrcossercnsorseccnsssnas

Al Ogeereecesssscocnnnsans
FegOgeenns

ceer
NazO seveerennencscessssocnasecssssssncsenscscarsonseccncnsns

K20 tevvneraceeassocsnesceaconceorsscesssasantnonacsnsssosnns

TgNItion 1088 cuvvsenreraaseesecscsceranserescascessoscncnnassas

=

97 98 99 100 101 102 108 104 105
15D101-22 { 15D101-12 | 15D101-19 | 15D101~13 | 15D101-21 {15D101~14 [15D101-15 | 15D103-8 | 15D103-9
61,94 56.75 60.88 §7.40 61,10 58,96 59,02 55.94 60,04

22,28
3.05

PETRYRY

19.43
11,49

21,58
3.13

22.67
6,06

cssase

19.89
7.27

23.47
2,98

22,22
2.63

22,42
7.47
1.93

.49
.67

19.13
6.94
1.86

.42
1,31

ceeeen ceenes ceenes 3.14 3.04
1,29 1.11 1.28 1.38 1,18 1,76 1.60
cevens cecons .20 .18
9.52 8.65 10,92 10,43 12,53 7.40 5,94
98,08 97.43 97,79 97.94 98.60 97.58 |[5101.42 1060.46

19,78,0

19,77,0

10,86,0

18,79,0

17,80,0

8,85,0

18,74,0°

! Includes TiOj..
% At 900° C. (Ignition loss reported in text includes HyO-.)

399,75 in text.
499,67 in text.

5100.60 in text.

TABLE 10.— Analyses of samples from Montana containing more than 75 percent clay (Group D) common and mixed rock categories

[samples of mixed rock category indicated by an asterisk (*). Chemical analyses arranged by county and stratigraphic position]

Mentana

*1 2 3 *4

25D1-7 25D7-2 25D7-1 25D12-4

3

6

Insoluble s ovuuvsnaes| 23,7 155,38 | 153,70 | 153,29
ALOgueeeernrnnnnd 6.0 30.86 27,20 22,38
Fes0g3.envenenananes 2.0 z .86 5.00 36.57
1.03 Tr. 2,10
.40 Tr. .58
.26 1,11
eeeee | 1.04 } 2.90 { 7.43

cevses seeses .

I T T 7.84 ceeens

} 64,12

seesee

TiOz evees
PiOsecsess
SO08 sssees
Feeeoo
FeyS3 sanes
Ignition loss

Total ...
Class .....

0,16
2,23
6.86

0.30

10.85

0,91

4.58

19.2

16.52

4.4
2,40

6.2

76.0
(11,46)0

99,92
1,93,0

99,95
0,97,0

99.02
14,66,1

70.5
(9,43)0

572,3
(10,56)0

Semiquantitative spectrographic analyses
LA =more than 10.0 percent; D=0.1-1,0 percent; E=0,01-0,1 percent; F=0,001-0,01 percent; G =less than 0,001 percent; ND =not detected. Li, Be, Co, Ga, Ge, As, Cb,
Cd, In, Sn, Sh, Ba, Ta, W, Pt, Au, Hg, Pb, and Bi looked for in both samples but not detected ]

1 6 1 6 1 6

crnes F F D D 2 S E E

eeeed E E E D ND F

MEovroooosaosonansns eveed D A F E E E

Cl eececeonsensnncanns coens A A E D E E

Ti eevveeesesaosssascsaseannses E D ClU tvrreecrannanenasasaansanaasans G G Y SN I < G
1Repc.\rtecl as Si0, . 4 Reported as CO, .

% Reported as FeO.
% Total iron reported as FeO,

5 (O calculated from F, by compilers, 1,01 percent. Subtotal, 73,30; total, 72.3.)
¢ Determined by loss on ignition, corrected for CO; and oxidation of ferrous fron.

T At 100°C.
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Kansas--Continued

%87, Shawnee County, Pennsylvanian, Howard limestone, Aarde shale member,
Nodaway underclay. Sec. 27, T. 11 8., R, 15 E, Analyst, Runnels.
(McMillan, 1956, p, 214, 194, 195, pls. 1, 2,) (Analysis shows 4, 5 per-
cent alkalies, 1.6 percent TiOy; suggests 1.4 percent more CaO and MgO
than required for carbonates.) Underclay, 0-5 in.below coal. Index map,
outcrop map; columnar section, correlated columnar sections; mechanical
analysis; estimated amounts of clay constituents and relationship to structure.
(For analyses from same measured section see samples 317 and 318, group B
of this compilation. )

Wallace County. Pliocene, Ogallala formation. Analyst, Thompson.
(Kinney, 1942, p, 358, 354, 356, 364-366, 373, 375.) Index map.
Immersion, gelation, and other physical tests.

88, Swf sec. 19, T. 12 8., R, 41 W, Lab. No. 9, Alkali-bentonite,
pale olive-green; 10 ft sampled; overburden 0-20 ft, Possible use:
Bleaching and clarifying agent, drilling mud, core for earth-fill dams.
(For analysis of lower bed see sample 38, group E of thiscompilation, )

89, SEf sec. 2, T. 125, R. 42 W, Lab. No, 15, Alkali subbentonite, .
pale gray~-green; 5 ft sampled; overburden 20 ft. Possible use:
Cement mixture, refractories, bond for foundry sand,

90, Washington County. Upper Cretaceous, Dakota sandstone, Terra Cotta clay
member, SE} sec. 14, T. 1S., R, 3E. Analysts, Kinney and Thompson,
Lab, No. W=5, (Plummer and Romary, 1942, p, 335, 316, 329-331.)
Clay, partly thin bedded, contains fossil leaves, Index map; generalized
measured section, correlated columnar sections. Ceramic tests, (For
similar analysis see Jewett and Schoewe, 1942, p, 102,)

Washington County. Dakota sandstone, Terva Cotta clay member. T. 18.,
R. 3E, Analysts, Thompson and Runnels. (Plummer and Romary, 1947,
p. 19, 10, 42, 43, 173, 74, 81, 82, 84, 87, 148, 150, pl. 1.) Index map,
outcrop map; detailed measured sections, correlated columnar sections,
Cerarmic tests, physical properties, mineralogy. Possible use: Refractories.

91, NW}SE} sec, 14, Lab. No, W-5-5. Ball clay, light-gray, some
yellow stain; some lignite; small amount of selenite; plastic, thin-
bedded, 4 futhick, Correlation of temperature-porosity and
temperature~absorption curves, Temperature~specific gravity and
temperature-apparent specific gravity curves. Absorption~
temperature curve, porosity-temperature curve, (For analysis of
composite sample from beds including this bed see sample 92.)

92, NW}SEf sec, 14, Lab, No, W-5-A, Ball clay, 16,6 ft thick,
sectioned from top to bottom as follows:

4,0....0000clay, light-gray, some yellow stain, some
lignite, small amount of selenite; plastic thin-
bedded. (For analysis of this bed see sample 91.)

9.2 ft......clay, plastic; upper 6.4 ft light gray, very light
brown mottling; lower 2, 8 ft dark gray, some
yellow joint stain; light-brown mottling.

3.4 ft......clay, dark-gray, very little stain; lignite
particles, flinty concretions toward bottom;
very plastic; thin bedded.

Porosity-temperature curve,

88-89,

91-93,

93, Center 3 SW4 sec. 28, Lab. No. W-19-3, Ball clay, smooth, fine-
grained, plastic; 11,2 ft thick, sectioned from top to bottom as
followss

2.4 ft......gray, slight yellow stain, lignite particles,
1.8 ft....., light-gray, much yellow stain.
7.0 fteoo. .. gray, yellow stain.
(For another analysis from same measured section see sample 329,
group B of this compilation, )

94, Washington County. (Probably Dakota sandstone, Terra Cotta clay member.
Swi sec. 28, T, 1S,, R, 3 E., Plummer and Romary, 1947, p. 74.)
Analyst, Thompson. Lab. No. W-19-A. (Jewett and Schoewe, 1942,

p. 102,) High alumina clay, Estimated tonnage, mineralogy. Possible
use: Source of alumina.

95, County, formation, and member as in sample 94, SEfSE} sec. 1, T. 3 S.,
R, 2 E. Analysts, Thompson and Runnels, Lab, No. W-1-2, (Plummer
and Romary, 1947, p. 101, 10, 42, 43, 99, 102, 103, 148, pl. 1.)
Plastic fire clay, gray, slight yellow stain; lignite particles, conchoidal
fracture; 4, 7-5,5 ft thick. Index map, outcrop map; detailed measured
section, correlated columnar sections, Ceramic tests, physical properties,
mineralogy. Absorption-temperatuzre curve. Use: Pottery, Possible use:
Face brick. (For analysis of composite sample from beds, including this
bed, see sample 333, group B of this compilation. )

96-103,

104,

105,

* 1

x4,

* 5,

*6,

Kansas--Continued

Washington County. Dakota sandstone. (McMillan and Wilson, 1948, p, 28,
figs. 1-3,) Index maps, generalized columnar section; logs of open cuts,
Possible use: Ceramic products,
96. NWiSEf sec. 14, T. 1S., R, 3E, Opencut No, C-W-5, Clay,
dark blue-gray; 10, 3-16 ft below surface.
97. NW4SE} sec. 14, T, 1S., R. 3E. Opencut No, C-W-5, Clay,
dark blue-gray; few red streaks; 6.6-10, 3 ft below surface,
98, NW%SEf sec. 14, T, 15, R. 3E, Opencut No, C-W=-5,
gray and red; some hematite; 2-6. 6 ft below surface,
99, Center 53 SW} sec, 28, T. 1S, R, 3 E. Opencut No, C-W-19,
Clay, dark blue-gray; 10, 9-17,5 ft below surface.
Center S} SW4 sec. 28, T. 1S,, R, 3E, Opencut No, C-W~19,
Clay, gray and yellow; 5,7-10, 9 ft below surface.
Center S} SW} sec. 28, T. 1S., R, 3E. Opencut No. C-W~19,
Clay, gray and yellow, showing limonite; 1. 5-7ft below surface,
SE} NE} sec. 31, T. 2 5., R. 1 E. Opencut No, C-W=59, (McMillan
and Wilson, 1948, p. 29, figs. 1-3.) Clay, darkblue~gray; 11.4-16,4ft
below surface. (For another analysis from same measured section see
sample 336, group B of this compilation.)
SW} SE} sec. 6, T. 3S., R, 2 E. Opencut No, C-W-62, Clay, dark
blue-gray, few yellow streaks; 7. 9-14, 4ftbelow surface, (For another
analysis from same measured section see sample 337, group B of this
compilation, )
Wilson County. Pennsylvanian, Weston shale. NW$SWi sec, 11, T, 29 8.,
R. M4 E, Analyst, under supervision of Ruanels. Lab. No, WL-1, (Plummer
and Hladik, 1951, p, 20, 26, 30, 36, 52; Kinney, 1952, p, 312, 315,)
Shale, red, mostly unoxidized; 32,0 ft sampled, about 100, 0 ft available,
Geologic map, Results of experimental production of lightweight aggregate;
bloating results, screen analysis, results of lime-sinter process, Possible use:
Production of alumina, lightweight aggregate.
wilson County. Pennsylvanian, Lawrence shale. NW4Swi sec. 12, T, 27S.,
R. 15 E. Analyst, under supervision of Runnels, Lab, No. WL-2, (Plummer
and Hladik, 1951, p, 20, 26, 27, 30, 36, 52.) Shale, red, gray, mostly
unoxidized; 25. 0 ft sampled, Geologic map. Results of experimental
production of lightweight aggregate; bloating resuits, screen analysis.
Possible use: Lightweight aggregate,

Clay,

100,
101,

102,

103,

Montana

Beaverhead County. Permian, Phosphoria formation. NW§ SwW# sec. 23,
T. 98,, R, 9W, Spectrographic analyst, Mortimer, Lab, No. ERC~37, (Swanson
and others, 1953b, p. 17, 21, 2, pl. 1.) (Partial analysis suggests 44,6 percent
phosphate, ) Phosphate rock and mud 3 1,7 ft thick, 43. 09 ftfrom top of
member, Trench sample. Bed D-12, Index, outcrop map; generalized colum-
nar section, (For other analyses from same measured sectionsee samples 47,
48 group A, samples 1-3 gronp B, and samples 15-18 group P; of this compilation, )
Cascade County, Lower Cretaceous, Kootenai formation, Sec, 31, T, 19N,,
R. 7E., town of Armington, Anaconda Copper Mining Co. Clay, light-gray
to slate~colored, fine-grained, homogeneous, subconchoidal fracture; 4. 5 ft
thick, Index maps, detailed measured section, generalized measured section,
Use: Refractories.

2. (Fisher, 1908, p. 420, 418, pl, 5.)

3. Average sample. (Fisher, 1908, p, 421, 418, pl, 5.)
Deer Lodge County. Cambrian, Silver Hill formation. Sec. 4, T. 5 N.,
R. 13 W,, (U. M. Sahinen, written communication, 1955) southwest slope
of Cable Mountain. Analyst, Schaller. (Emmons and Calkins, 1913, p, 57.)
{ Analysis shows 8. 5 percent alkalies, 6.6 percent FeO; suggests 2, 1 percent
more Ca0 and MgO than required for carbonates.) Shale, olive-green,
slightly altered, fine-grained, fissile, Index map, geologic map, detailed
measured section, generalized columnar section, mineralogy.
Deer Lodge County. Phosphoria formation, Sec, 23, T. 5 N., R, 12 W,,
north side of Warm Spring Creek, Lab. No, 5895-RWS. (Swanson and
others, 1953a, p. 7, 2, 3.) (Partial analysis suggests 45,5 percent phosphate. )
Phosphate rock, argillaceous; 0.5 ft thick, Sampled in outcrop and hand
trench in bluff, Index, outcrop map, generalized columnar section,
Silver Bow County, Phosphoria formation, NW#} sec. 5, T. 2 5., R. 9 W.,
Melrose property of Anderson Phosphate Mines, Inc. Spectrographic
analyst, Mortimer. Lab, No. MRK-288, (Klepper and others, 1953, p, 11,
12,) (Partial analysis suggests 10,4 p phosphate,) Mnd
calcareous; bed D~5; 0,4 ft thick, (For other analyses from same meas-
ured section see samples 26-28, group P of this compilation. )
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CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

TABLE 11, Analyses of samples from North Dakota, South Dakota, and Wyoming containing more than 75 percent clay (Group D) common and mixed rock categories

[ samples of mixed rock category indicated by an asterisk (*¥). Chemical analyses arranged by State, county, and stratigraphic position. Minor discrepancies occur
in naming of constituents and in their amounts when more than one version of the analysis is found in the literature ]

North Dakota
1 2 3 ¢ 5 3 7 8 9 10
33D4-3 | 33D10-5 | 33D10-6 | 33D13-4 | 33D13-5 |33D21-12 | 33D21-13 | 33D29-1 | 33D29-2 |33D44-53
Si024sessrecrcenssccccssresscosssscsssassasssasace | 62,60 61,03 50,45 53,32 63.19 60.98 63,64 62,90 63.90 57,08
ALOg . eiseesesesnancressssacescssnnsssosssscacasas | 20,76 22,70 17.57 23,76 23,35 26,24 24,17 22,68 25,79 21,23
FE205 e eensnansncasnscnsocsnsessnanansonancassanane 6,53 2,80 9.30 1,49 1.34 .95 4,98 1,49 5.22
MBOteussesasenresascenssssnsnesnsasesnesasancsans .51 1,79 1,26 .94 .98 1,04
{07 .97 .25 .25 .34 .45 .4
Nag0 . .86 .10 1,22 2,97
KO oene .07 2,10 1.26 1,10
TiOz eeeeaee 1,14
Ig0ItioN 1058 «eeevseensacnnnene 16,55 29,92 | 322,55 8,50 7,82 17,85 17,60 17,46 17,28 8.28
Y 95,97 99,66 96.34 98,59 97.12 100,17 97.79 99.06 98.96 98.75
Cl8S8 sesvevenensrcncaocassorecaransnsnnssesnesanss | 20,74,0 | 14,85,1 | 16,95,4 | 1,94,0 [ 20,%4,3 | 13,82,2 | 20,75,3 | 17,80,1 | 17,81,1 | 14,76,8
North Dakota
11 12 13 14 15 16 17 18 19
33D44-55 | 33D44-54 | 33D45-146 | 33D45-147 [33D45~152 [33D45-151 |33D45-149 |33D45-148 | 33p45-150
S102eeassesescaraeccscoascncesasassnansssnsencessscconananees]| 64,17 63,34 64,84 65.64 63.80 63,58 56.85 63.30 60,78
P B £ 1 19.01 24,31 22,74 20,21 19.73 23.91 21,06 15.66
Fe205 eoenseunasrasuneeecossncenstsassssssssesssasssssncarsnne 5.40 5,79 1,60 1,66 5,11 5.11 3,98 5,56 10,78
MgO.. 1,15 .24 .61 .98 .87
.92 .11 .29 .80 .45 . .
2,82 .32 1,76 1,52 3,00 cenees
1,63 Tr. 1,46 cevees 4 eeeens
.25 1.02 .70 K] .50 .70
6,01 5.22 48,58 16,15 6,90 5.68 13,08 6.70
TOLAlasasseseeaasssnnscarnsncascsasssscsassnssasasccsseas| 95,38 100,90 100,00 100,31 100,02 99,15 98,32 97.32 95.30
ClaS8 savseraeosessannvsscssarcsssansancenssranconcanancenees | 24,72,0 | 23,70,0 | 20,79,1 | 24,73,0 | 22,73,1 | 238,71,0 | 10,88,0 | 20,77,0 | 21,74,0
North Dakota South Dakota
20 21 22 23 24 25 26 27 28
33D51-1 | 33D51-2 | 40D10-1 | 40D10-4 | 40D10-6 | 40D10-5| 40D10-7 | 40D17-8 | 40D24-4
L0 B - X 56.86 63,22 60,64 58,53 59.66 59.34 56,18 53.77
ALOg . eeeenoascnnacersesesssnsassnasosnssacesscssancesanncens| 17,78 25,08 19,14 23,26 19,61 21,04 22,70 23,23 22,70
FE203 euaeeneuceaassecsesessnsscnnnsescsscssssscansssncesencne 3.85 6.11 6.20 3,92 3.10 2,66 3,92 1,26 4,05
.50 .16 1,08 2.19 2,65 3,56 2,57 3.29 3,25
.59 .25 .96 1,27 5.88 1,23
4,33 1,68 1,94 2,46
.37 .31 .10
6.21
} 2.83 { ves | com } 3.84 | 1145 | ..eee.
TiO2 eevescreccnones 12 .12
MngO4 eavvvenes cesven caeses .22 cesene
cerens .32 .39
IGNITION 10SS o vuseeressesccsaasseasasssscssannnscsssscersaccass | 21,82 | 410,014 6.22 6,19 5.15 12,17
TOtAlueeeseroneeansnnecosossncssssnssassssnsesssasvecnass | 100,48 100,00 97,53 98,25 100,48 100,16 99.178 101,29 99,63
6,91,3 22,73,0 | 15,76,3 | 20,75,0 | 19,73,1 | 15,75,8 | 14,78,0 | 9,79,9
Spectrographic data for sample 24
[P =Phillips Research Lab, determination; S=Shell Oil Co. determination; Pres, =Element present]
P —] s P s P s
Lisceceesosescacsssensaaneess| Pres, <0,09 CO veeesnnnnsesssnsssconsasans] cecess <0.001 |[ Zfiiessescesasncssensseooees 0,03 0,05
<.0005 || Cu eevnennn 0,001 .003 <.003
0,004 .01 Z0 tiernaes <.03 .003 002
* Ga cevernenen .02 .009 ®
<.002 [ Bberaserannnns <,01 .08 <04
<.0007 || sr.... .09 7,03 <.00003
.01 .01 Y tieeersrncecotsecceccennncas| sesens <005 [ Pb evesreecaceccancanesacnes .06 .04
<.001

! Reported as volatile matter,

2 Reported as H;O,

8 Reported as HyO and volatile matter,
* By difference.

§ At 110° C,

8 presence not d

d; limit of d bility by procedure

employed is as yet uncertain.

7 Element detected; present in too small concentration for
spectrochemical determination by procedure employed.
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North Dakota

Billings County. Eocene, Golden Valley formation (W. E. Benson, personal com-
munication, 1954) , NW corner T.143 N,, R, 99 W,, divide between Knife and
Little Missouri Rivers. Analyst, Babcock, Lab. No. 3703, (Babcock and Clapp,
1906, p.168, 133, 167, pl. 2.) Clay, yellow and white; 2 fi thick. Index and
outcrop map, geologic map; detailed measured section. Ceramiic tests, physi~
cal properties, Possible use: Brick, stoneware. (For analysis from same
measured section see sample 2, group B of this compilation.)

Cavalier County. Upper Cretaceous, Benton shale. Secs, 33, 34, T.163 N.,
R. 57 W., Mayo Brick and Tile Co. Analyst, Berkey. Lab. No. 0. (Berkey,
1905, p, 151, 146, 149, pl, 12; Babcock and Clapp, 1906, p. 102, 149.) Clay
shale. General description: Black or greenish-gray, laminated, very plastic on
weathered outcrops. Index map, geologic map; measured section. Use: Brick,
tile. (For analysis from same measured section see sample 4, group B of this
compilation. )

Cavalier County. Upper Cretaceous, probably Pierre shale, (T.161N.,

R. 57 W.) near town of Olga. Analyst, Babcock. (Babcock and Clapp, 1906,
p. 105, 106, pl.2.) Clay, white, fine, 2~3 ft thick, overlain and underlain
by black carbonaceous clay shale. Geologic map. Firing tests. Possible use:
Stoneware and low-grade refractories.

Dunn County. Golden Valley formation (W. E, Benson, personal communica~
tion, 1954) . SW corner T, 147 N., R. 94 W., 5 miles east of Jim Creek.
Analyst, Babcock. (Babcock and Clapp, 1906, p. 191, 133, 159, 160, pl. 2.)
Index and outcrop map, geologic map; detailed measured section. Ceramic
tests, physical properties. (For another analysis from same measured section
see sample 8, group B of this compilation,)

4. Lab. No, 3904, Clay, cream~colored streaked with iron stain, smooth,
some sand in upper part; 6 ft thick, Underlies yellowish~white clay.
Possible use: Brick, terra cotta, building block. (For analyses from
same measured section see sample 5, group D and sample 8, group B
of this compilation.)

5. Lab. No,3906. Clay, white, very fine, compact, very little grit;

4 ft thick. Possible use: Brick, stoneware,
Hettinger County. Golden Valley formation (W. E. Benson, personal communi~
cation, 1954). NE corner T, 135 N., R. 95 W., Black Butte, Analyst,
Babcock. Lab. No. 2104, (Babcock and Clapp, 1906, p. 174, 133, 175, pl.2.)
Clay, white, compact, fine-grained, almost no grit, no iron stain; 2 ft thick.
Index and outcrop map, geologic map; detailed measured section, Ceramic
tests, physical properties. Possible use: Earthenware, terra cotta; low-grade
fire clay. (For analysis from same measured section see sample 12, group B
of this compilation.)
Hettinger County. Golden Valley formation (W. E. Benson, personal communi=
cation, 1954). North part T. 136 N., R. 96 W., Yellow Buttes, Analyst,
Babcock. Lab. No, 1201, (Babcock and Clapp, 1906, p. 172, 133, 171, pl.2.)
Clay, light bluish~gray, shaly, compact, fine~textured; 7 ft thick. Index and
outcrop map, geologic map; detailed measured section, Ceramic tests, physi=
cal properties, Possible use: Stoneware, earthenware,
Mercer County. Golden Valley formation (W, E. Benson, personal communica~
tion, 1954), T, 145 N., R. 90 W. Analyst, Babcock. Index and outcrop map,
geologic map; detailed measured section. Ceramic tests, physical properties.

8. Lab,. No, 4004, (Babcock and Clapp, 1906, p, 162, 133, 161, pl, 2,)
Clay, grayish-white, iron-stained, sandy, compact; from bed 10 ft
thick, Possible use: Brick, tile.

9. Lab, No.4008, (Babcock and Clapp, 1906, p, 163, 133, 161, pl, 2.)
Clay, grayish-white, sandy; 2 ft thick. Possible use: Brick, stoneware.

Slope County. Oligocene, White River formation. Sec.15, T.134 N., R.101W,,
Chalky Buttes area. (Clarke, 1948, p.14, 15, 6, 8, 23, 26, 30, figs.1, 7.)
Clay, uncombined silica present, alumina content of clay beds given. Index
maps, generalized and detailed measured sections, Tests for foundry sand
binder, water-softening properties, Possible use: Water softener.
10, Lab. No, 26, Trench 13, (For analysis from same trench see sample
42, group B of this compilation.)
11, Lab.No. 10, Trench 7. (For analyses from same trench see samples
3336, group B of this compilation.)
Slope County. White River formation. Sec.?23, T.134 N., R, 101 W.,
Chalky Buttes area, Lab, No, 58, (Clarke, 1948, p. 15, 6, 23, figs. 1, 7.)
Clay, trench 16. Uncombined silica present. Alumina content of clay beds
given. Index maps, generalized measured section. Tests for foundry sand
binder, water-softening properties. Possible use: Water softener.
Stark County. Golden Valley forma:ion (W. E. Benson, personal communication,
1954) . T.139 N., R. 96 W. Analyst, Babcock, Index and outcrop map, geo~
logic map; detailed measured section. Ceramic tests, physical properties.

15-19,

20-21,

22,

23,

24,

25,

26,

21,

28,

North Dakota--Continued

13. Location, one mile southwest of town of Dickinson. Lab. No. 104.
(Babcock, 1901, p. 46; Babcock and Clapp, 1906, p. 150, 133, 149,
151, pl. 2.) Clay, light-gray or blue, very fine grained, almost no
grit, 2 ft thick; underlies white sandy clay. Use: Fire brick, earth-
enware, stoneware. (For analyses from same measured section see
samples 72, 73, group B of this compilation. )

Two miles north of town of Gladstone, Lab. No, 3502, (Babcock and
Clapp, 1906, p, 143, 133, pl. 2.) Clay, white; somewhat sandy;
3 ft thick. Possible use: Brick, stoneware.

Stark County. White River formation. Town of South Heart, Little Badlands
area, Clay, Trench samples. U bined silica p Alumina content
of clay beds. Index map, generalized measured section, Tests for foundry
sand binder, water~softening properties.

14,

15, Sec. 7, T. 137 N., R. 97 W. Lab, No. 249, Trench 83. (Clarke,
1948, p. 19, 20, 6, 12, 23, 26, 30, figs. 1, 6.)
16. Ssec. 6, T. 138 N., R, 97 W, Lab, No. 233, Trench 79. (Clarke,

1948, p. 19, 20, 6, 23, 26, 30, figs. 1, 6.)
Sec. 13, T. 139 N., R. 98 W, Lab. No. 354. Trench 65. (Clarke,
1948, p. 22, 6, 23, 26, 30, figs. 1, 6,) Detailed measured section.
Possible use: Foundry sand binder, water softener.
Sec, 22, T. 139 N., R, 98 W, Lab. No. 17, Trench 81, (Clarke,
1948, p, 14, 6, 23, figs. 1, 6.) No tess.
Sec. 31, T. 139 N., R. 98 W. Lab. No. 373. Trench 76. (Clatke,
1948, p. 22, 6, 23, 26, 30, figs. 1, 6.) Possible use: Foundry
sand binder, water softener,
Ward County. Eocene, Fort Union formation, Tongue River member ( W. E.
Benson, personal communication, 1954), T. 155 N., R. 83 W.
20, Town of Minot, (Babcock,1901, p.55.) Clay, black: underlies coal.
21, Northwest of Minot, Colton mine. Analyst, Babcock. (Babcock,
1901, p. 40; 1906, p. 209, pl, 2.) Clay, blue or
slaty-gray, very plastic, smooth greasy texture; above coal bed,
Geologic map. Possible use: Brick, ornamental stone.

17,

18,

19,

South Dakota

Buite County. Lower Cretaceous, Fuson shale. (T.8 N., R. 2 E.), 3 miles

south of town of Belle Fourche, Analyst, Bentley. (Connolly and O'Hatra,

1929, p. 308, 307.) Clay, purple and brown, 20-30 ft thick, overburden of

sandstone up to 25-30 ft thick., Represents nearly all of middle and lower

part of bed. Possible use: Brick, tile.

Butte County. Upper Cretaceous, Graneros shale, Mowry shale member,

(Tps. 8-10 N., Rs. 1 and 2 E.), Belle Fourche bentonite district. Analyst,

Selvig. Lab. No. 1. (Ladoo, 1921, p. §; Ladoo, 1925, p. 96.) Bentonite,

yellow; colloidal. Near surface in beds from few inches to 4 ft thick, Esti-

mated tonnage, physical properties. Possible use: Filler, water softener,

Butte County. Granerosshale, Mowry shale member, Northwest of Belle Fourche,

American Colloid Co. pit. Lab, No.27. (Kerr and others, 1950, p, 54, 80,

81, 96, 108, 154; Kerr and Kulp, 1949, p. 54, 55; Kermr and others,

1949, figs, 15, 16; Main, 1950, p. 38, 50, 53; Adler and others,

1950, p. 138, pls, 5, 14.) Montmorillonite, 2-4 ft thick; sample of

80 lbs, Index maps. y of base-exchange cap hange iso-

therms graph; thermal curves; infrared absorption measuremenrs. Staining

tests, mineralogy.

Butte County. Graneros shale, Locality, 3-4 miles northwest of Belle

Fourche, Belle Fourche Bentonite Products Co. mine. Analyst, Bentley,

Lab. No. 3. (O'Harra, 1929, p. 48, 45.) Bentonite, about 8 ft above Mowry

shale member; probably averages 3-3.5 ft in thickness, Forms jellylike

mass in water. Moisture as received, 34,8 percent at 110° C.

Butte County. Graneros shale, near Belle Fourche. Analyst, Bentley. Lab,

No, 6. (Lincoln, 1927a, p, 54,) Bentonite, yellow, in 3-ft bed about 8 ft

above Mowry shale member. Forms jellylike mass in water.

Custer County. Oligocene, (Chadron formation. T, 4S., R, 8 E.) town of

Fairburn. Analyst, Flinterman, Lab. No. 3. (Ries, 1898, p. 335, 333, 334;

Vaughan, 1902, p. 933.) Fuller's earth. General description and remarks:

Yellowish, gritty clay; somewhat nodular su ; detailed d sections.

Possible use: Clarifying oil.

Fall River County. Graneros shale, oligonite zone. NW# sec, 2, T.9S.,

R. 2 E., 1 mile west of town of Edgemont. Lab. No. 6. (Spivey, 1940,

p. 51, 43, 44, 52, pls, 1,3, 7.) B Base exch pacity;

pH 9.3, Index maps, outcrop map; detailed measured section, generalized
1 section, 1 cross section.

y; e
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TABLE 11,— Analyses of samples from North Dakota, South Dakota, and Wyoming containing more than 75 percent clay (Group D) common and mixed rock categories--Continued

South Dakota

29 30

32

33

34

35

36

37

38

39

40

41

40D24-5 | 40D24~11

40D24-9

40D24-7

40D24-6

40D52-21

40D52-22

40D52-20

40D52-24

40D52-23

40D52-25

40p52-29

Si02e0esssanscnses 55,52 48.80
21,95 21,08
191 .92
FeO vevvvenrnnnsns ceesns sevese
MEOiverecasnnsaas 3.43 4,84
Calissvescees 1.36

sesaee

sessss

cecese

503 crenessassncee | aneese cenees

Ignition 1088 ....... | 13,28

20.90 {

56,42
23.62
1.64
.18
4.24
.62
.07
.01
56,13
.04
Tr.

7,18

51.64
18.25
1.24
1.40
3.41
2.18
2,09
.12
6.33
13,22
7 Tr.
7 Tr.

151.1
15.4

}34.5

3.8
5.2

| s

4,0
13,1
1.4

cscese

62,32
20,22

{ 5,24
1,34
.84

eseses

cesoee
EXTRYRY
aseose
csanse
esenne

.94
9.30

60.60
20,24
5,80
2.10
1,08

sesane

04
10.17

260,90

22,80

42,03
Tr.
Tr.

$4,28
.61
Tr.

cesees

9,32

2 49,80
22,71
44,58
Tr.
1,28

ceevee

seeces

15,71
.35
Nil

sscoce

Tr.
5.95

2 49,63
17,51
46,00

Tr.
1.88

sssave

616.15
.55
Tr.

Tr.
7.82

2 53,45
20,50
44,79
Tr.
1.17

sesase

612,29
.25

Tr.
7.21

2 55,53
24,50
45,17
Tr.
1.26

69,08
42
Nil

Tr.
4.86

Totaleseeesess | 99.96 97.92
Class veveeeennnnns | 15,74,8 | 10,81,4

100,15
13,81,2

99.88
18,13,0

100,0
19,69,3

100,20
21,75,3

100,04
18,75,6

899,94
21,717,0

100,44
10,84,1

99.49
19,71,3

99,66
17,15,2

100,82
12,82,0

South Dakota

21.49 23.52
4.42 4,22
MgO.esavsernnenren Tr. Tr.
Calevsracsnennnss 1,58 .94
HO-%.0ernnnn 8,45 9.66

TiOz sevsensnscnns .33 .63
PiO5 vevenevncenns Tr. Tr.
MIO; sivevennnses ceseen eseaes
803 seeevencnsscns Tr. Tr.
Ignition 1088 ¢.ves.e 6.59 7.49

19.61
4.54
Tr.
1,03
9.49
.35
Tr.
1.62
7.74

22,11
4,81
Tr.
2,20
4,82
.65
Tr.
1,87
6.03

17,98
6,94
2,68
1,19

1.7
10,58

18,44
7.36
2,84
2.88

sesace

1,10
2,70
10,30

19,82
6.52
2,96
2,04

ceveae

1.20
1,08
10,11

20,18
7.98
1.88
1.59

cessns

1,19
10,92

18,86
6.94
2,10
2.44

.46
.69
10,24

19.80
7.26
2.66
1,60

sseene

817
8.50

19,32
1.36
3.04
1.14

cssese

.68
.70
9,81

19.63
6.84

1.90

42 43 44 45 46 41 48 49 50 51 52 53 54
40D52-34 | 40D52-26 | 40D52-30 | 40D52-36 | 40D52-15 | 40D52-27 | 40D52-28 | 40D52-31 | 40D52-33 | 40D52-35 | 40D52-37 | 40D52-32 | 40D52-48
2 56.87 2 53,64 2 55.69 257.48 56,82 54,24 55,32 56.10 56,78 57,10 58.12 56,22 56,32

18,84
17.11
2,70
2,09

.86
1,14
10.19

Total.eveeeee. | 99.73 | 100,10
19,73,3 | 12,82,2

100,07
21,72,0

99,97
18,72,1

97.96
17,12,6

99.86
13,72,8

99,00
13,75,7

100,44
11,81,5

98,51
16,173,8

97,49
14,71,4

100,17
16,76,6

99.25
15,74,1

Wyoming

55

56

57

58

59

60

61

62

63

*65

49D1-9

49D1-10

49p1-11

49p1-5

49p1-7

49D1-8

49D1-6

49D4-1

49D4-2

49D17-6

CaD.evvnenccens
Naz0 evvenencsss
KO seveenncenns
HpO+ cevvennnss

cesasssne

64,0

22,9
3.1

e
2.0
1.0

b 10

sesees

64,0
24,0
3.2
1.5
.6

6.7

sessee

66.5
23.9
3.1
1.0
.5

5.0

secece

58,25
24,70
2.61
1.30
1.61

sesvee

11,00

cesene

60.18
26.11

cerees

} 2,54
} .80

10,26

cassee

60,18
26,58
1,01
.23

1.23

10 10,26

esesee

58.74
22,83
1.83

1.117
.18

{ 3.11
11.57

cassee

sessas

57.98
22,46
3.80
3.24
1.92

} 1.35

cessas

sscees

ceeses

49,20
17,60
1,60
5,08
1,52

25.52

58.86
18.69
4.38
.08
1.24
4.83
4,31
1.4
52,08
12 4,25
.69
.30
1(100.0)

13,15 .08

SE tevrernrennne fa87.0)

Organic matter .. esesee cevens eseese

1gNition 1085 seeeeescencescrcancnccsecsone | seesee eveeee ceesee cevaee 17.93 [P

TOtleesersenraarcassasanssnnsasnnse | 100,0 100,0 100,0 1699,47 99,89 100.00 99,43 100.52 100,03 101,23

ClaSS ¢eeeonvacescscvsnasenrensnssncenoas | 20,77,0 | 18,80,0 | 21,78,0 | 12,85,1 | 17,80,0 | 16,81,1 | 16,79,0 | 14,77,3 | 16,78,0 | 18,72,0 | 21,67,0
! Includes TiO, . § At 105° C, 12 Below 110° C.

% Reported as insoluble (Sil); mainly silica but containg

a little iron, aluminum and titanium oxides.

® Includes MnO.

4 Ferric oxide recalculated as ferrous oxide
(Waterman, 1927, p.170).,

$ HyO+, above 110° C.; HyO-, at 110°C.

1% Reported as H,0 at 105° C. (Kinney, 1942, p.359),
1 At 105° C., includes 0,08 percent HyO calculated

7 Reported as present.
$99.96 in text.
? Above 105° C.

from Hy804 and HgPO4.

13 Calculated from reported C, HgPOy, of HySO4 .
M Not included in total, reported as ppm;
V205 reported as V.

s Reported as COz .
197,47 in text,



29. Fall River County. Upper Cretaceous, Graneros shale, upper part. SE% sec. 18,

30-33.

34.

35-36.

37-45.

COLORADO, KANSAS, MONTANA, NEBRASKA, NORTH DAKOTA, SOUTH DAKOTA, WYOMING

DESCRIPTIVE NOTES
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South Dakota--Continued

T. 98., R 5E., about 14 miles south of town of Hot Springs. Lab. No. 5.
(Spivey, 1940, p, 51, 18, 39, 52, pls. 1, 4,) Bentonite, 45 inches thick.
Base exchange capacity; pH 4.3. Estimated tonnage. Index maps, detailed
measured section, generalized columnar section.

Fall River County. Upper Cretaceous. (T. 12 S., R, 4E.) near town of
Ardmore.

80, (Base of Pierre shale.) Analyst, Shannon. (Ross and Shannon, 1926,
p. 88.) Bentonite, purified by washing.

Pierre shale, lower part. Refinite Co. property. Analyst, Bentley.
Lab. No. 2. (O'Harra, 1929, p. 48, 44, 45.) Bentonite, dark
bluish-gray, unoxidized. In several layers, main bed averages
2.5-3 ft in thickness, overburden of main bed, few inches to 20 ft or
more. Moisture as received, 25,97 percent at 110° C,

Use: Water softener.

Pierre shale, lower part. Refinite Co. property. Analyst, Bentley.
Lab, No. 1. (O'Harra, 1929, p. 48, 44.) Bentonite, light-colored,
oxidized. Moisture as received, 33,19 percent at 110° C,

Use: Water softener.

(Probably Pierre shale, Ardmore bed.) Analyst, Schaller. Lab. No.
C-207. (Wells, 1937, p. 69.) Bentonite, natural clay; swells
slightly in water.

31,

32,

33.

Fall River County. Pierre shale. (T. 7 S., R. 9 E.), 8 miles south of
Buffalo Gap. (Wherry, 1917, p. 580, 577-579.) (Bentonite) reported as
clay, altered volcanic ash. General description and remarks: Deep gray
when fresh, yellowish when weathered; extremely fine grained, forms dense
compact masses; conchoidal fracture. Columnar sections, absorption tests,
mineralogy.

Penanington County. Graneros shale, lower part. (T. 1 N., K. 7 E.),
near Rapid City., (O’Harra, 1924, p, 63, 64.) Shale, black, fine, fissile;
150-300 ft thick, Use: Portland cement.

Pennington Couaty. Upper Cretaceous, Analyst, Lykken. (Waterman, 1927,
p. 168, 166-171.) Shale, generally dark gray to nearly black; weathers and
erodes easily, Each analysis average of three determinations, percentages on
wet basis; analyses on moisture free basis, and distillation assays also given.
Samples contain kerogen, small amount of ammonia, traces of zirconium
and phosphorus. Use: Not useful as source of oil.

37. Graneros shale, (T. 1 N., R. 7 E.) near Rapid City. Lab, No, 1,
Underlain and overlain by Dakota sandstone; 5 ft thick. (For analysis
from same locality see sample 42, group B, of this compilation. )

38, Pierre shale, extreme lower part. East of Rapid City, State cement

plant quarry. Lab. No. 3. Constituents of ignition loss also given.

39, Pierre shale, (T. 1 N., R. 14 E,), 0.5 mile north of town of Wasta,
Lab. No. 10, From stratum of Pierre shale well below sample, Lab.
No. 9, below.

40-42, Pierre shale, probably top of formation, Sec. 29, T.2 N.,R.15E,,
about 5 miles northeast of Wasta, Overlain by coarse sandstone and
conglomerate. Samples collected at about 200-ft intervals down
face of outcrop.

40, Lab. No. 9.
41, Lab. No. 8,
42. Lab, No. 7.

43-45, Pierre shale. About 5,5 miles southeast of town of Wasta,
Samples collected at about 200-ft intervals in outcrop,

43, Lab. No. 6.
44, Lab. No. 5.
45, Lab, No. 4, Constituents of ignition loss also given.

46-52

53.

54,

55-60.

61,

62

63.

64,

*65,

South Dakota--Continued

. Pennington County. Pierre shale. (T.2 N., R. 8 E,) about 3 miles east of

Rapid City. (O'Harra, 1924, p. 62, 63.) Shale. General remarks: Almost
wholly black, weathers lighter; lime and lime-iron concretions abundant at
several horizons; about 1,200 ft thick. Use: Cement.

46, Lab. No. 7.

47. Lab. No. 16.

48. Lab. No. 14,

49. Lab. No. 4.

50, Lab. No,

51, Lab. No. 1.

52. Lab. No.
Pennington County. Pierre shale, About 5 miles east of Rapid City.
Analyst, Ernst. (Connolly and O'Harra, 1929, p. 275, 274.) Shale. General
description:  Grayish, dull, thin-bedded, easily broken, little overburden.
Use: Cement material.
Pennington Gounty. Pierre shale. Near Rapid City. Lab. No. 5. (Lincoln,
1925, p. 366; Lincoln, 1927b, p. 37.) Shale, average of 30 ft. General
description: Dark bluish-gray, weathers dark brown; 1,200 ft thick.
Use: Portland cement.

Wyoming

Albany County. Upper Cretaceous, Benton shale, corresponds to Graneros
shale, but above Mowry shale, (Siebenthal, 1908b, p, 446; Darton and

Siebenthal, 1909, p. 59.) Bentonite, 4-5 ft thick; generally overlain by
20 ft of dark shale containing concretions, Use: Filler.

55, NWj sec. 12, T. 21 N., R. 75 W. Analyst, Ogden.

56. Nwi sec. 12, T.21 N., R. 75 W. Analyst, Ogden. (Osterwald
and Osterwald, 1952, p. 11, 10.) Outcrop map.

57. SE4NE} sec.l4, T.22 N., R. 76 W., or NW} sec. 17, T. 2L N.,
R. 75 W. Analyst, Ogden. (Osterwald and Osterwald, 1952, p. 11,
10,) Outcrop map.

58, NWA4SE} sec. 30, T. 22 N., R. 75 W., Taylor mine. Analyst,
Hodges, (Osterwald and Osterwald, 1952, p. 12, 10, 11.) Exposed
over several acres, Outcrop map.

59. N} sec.10, T.22 N., R, 76 W., Cassa Mining Co. Analyst,
Read. (Osterwald and Osterwald, 1952, p. 12, 10,) Outcrop map,

60. N} sec. 10, T, 22 N., R. 76 W., Cassa Mining Co. Analyst,

Read, (Kinney, 1942, p. 359.)
Albany County, Associated with Benton shale. T. 22 N., R. 15 W.(?),
(H. D. Thomas, written communication, 1957), Rock Creek. (Ries, 1897,
p.1146.) Clay, "mineral soap. ” Shrinks and cracks in burning; lafckl
plasticity. Use: Manufacture of paper. Possible use: Hydraulic lime.
Carbon County. In lower part of Benton shale, (T.21 N., R. 78 W.) town
of Medicine Bow. Analyst, von Eman. (Ladoo, 1921, p. 5; Spence, 1924,
p. 14.) Bentonite, yellow, colloidal. Near surface, few inches to more
than 5 ft thick. Possible use: Filler, binder, water softener, plaster.
Carbon County. Upper Cretaceous, Mesaverde(?) formation (H. D. Thomas
written communication, 1957). (T. 21 N., R. 85 W,) town of Fort Steele.
Analyst, Shannon. (Ross and Shannon, 1926, p. 89.) Bentonite, pale-yel~
low. Purified by washing (washing loss less than 10 percent of sample; C.
S. Ross, personal communication).
Carbon County. Pierre shale. (T.21 N., R. 78 W.) town of Medicine
Bow, Owyhee Chemical Products Co. Analyst, Sadler. (Spence, 4
1924, p. 14, 10, 13.) Bentonite, greenish-yellow when wet, creamy white
when dry. Main bed about 5 ft thick. Air-dried sample.
Fremont County, Middle or Upper Eocene. Secs. 2, 3, 10, or 11, T, 39 N.,
R. 91 W., near town of Lysite. Analyst, Gilbert. (Beath and others, 1946,
p- 12,10, 11.) (Analysis suggests 6. 1 percent more CaO and MgO than re-
quired for carbonates; shows 5.8 percent alkalies,) Tuff, buff-colored;
composite sample. Glass partly altered and devitrified. Mineralogy.
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TABLE 11.—Analyses of samples from North Dakota, South Dakota, and Wyoming containing more than 75 percent clay (Group D) common and mixed rock categories-~Continued

Wyoming

*67 *68

*69 *70 1 72 13

T4

15

49D12-108| 49D12

-44 | 49D12-45 | 49D17-1 | 49D23-22 | 49D23-13 | 49D23-15

49D23-20

49D23-14

Acid insoluble .. ieieiarieiotnrirenstnasttarananans
Si0ge0ecncsennennsons
ALOsereneennennn.
FepOguererernonnncnnnns

FEO tuetnceacrasesnesneresnostorssossssnccrencance

MEO, . eeerorerassaosascsseressstoosscrsossnscranase
L
KoO trnvoroversonennsossosssssanssncanssesannonses 1.7

}h()+..................-....................-....-

TiO, .
P05 .
VoOs5 cevvvnnanes

1gnition 1088 ouvaivenerererstssacoartersenssrasense

1,717

1(38.27)
32,60
10.5

3.1
.63
20,07
.15

cese

43.8
12,17

2.0
9.9

2.60
312.48 eeen
1.86 ceen
.38

13,63
.05
.86

1.5

22,6

e

1(15.2)

24,00

.52

818,17

.. seesse

46.5

12,18

24.22
2.5
6.5

cenane

49.23
711
20,89
3.06
3.4
Tr.
W11

cessne

45.18
12,92
3,96
.18
.56

seceae

55,44
20,14
3,617
.30
2,49
.50
2.15

60,26
21,50
3,76
2,50
.00
2.67

O 8.51 .60 .43
v | eeen. | 24,88
v | eeen | 4183 14.70 {53.53
U R .10 .22

3 2,94
.77

PRTRT

ceesns

.. PEY R

PR ceasee seease

2.5 64,1 64,05 7,42
. 002

818,53 T 26,32 P 5,34

57.49
20.27
2,92
.19
3.18
.23
1,32
.28
6.85
7,63

sesane
ceenea

59,57
19,67
2,91

2.46
.66
2.09
.29
4,13
1.49

9100,37
15, 81,0

TOtalseceeonensassnenooscsacsssaasasaconsncnasse

19302,9
11,49,2

97.8

17,62,0

96.2
20, 65,0

99. 06
13,71,2

100.42
18,178,3

100. 69
16, 78,0

100,21
18,76,0

100,48
18,171,0

99,87
22,73, 0

76 71

79 80 81 82

83

84

49D23-16

49D23-17

49D23-21 | 49D23-19 | 49D23-27 | 49D24-51

49D24-52

49D24-57

S0 eseuiesuteaeaeeasensotanenssosarssssnsncoasessnsansssansss

Y O

FEO tiartinatienaeoaenconssasnesessssnssacsasascncsssnsnssnsns

€801 assiinsnesenersansttosassoncnsocsevesessvessssssssssnsne

NaO .
K0 ..
HO+, eerecrnnnnns

eseseerareesanrascanae

- O

ClaS8 4 veurneenrasoncnsersnssnssssasansassnsearesonssasssansns

61.78
21.56
3.10
.28
2.62
.68
2.22
.31

veevae

sseene

4.73

60, 80
22.40
.97

2.34
.76
2.69
.32

53.82

53,50

121,57
3,28
(12)
1.89
1.25
1,94
1. 04

54,31
20,22
1,88
.19
.98

51.26
27.10

ceesee

54,36
5.90
25,48
.17
1,86
1.30
1.21

9. 60

censen

2.15
1,14
8.74

ssseee

53.10

cessen

15.20

.11

None

.10

.36

5,09

secene

ceerse

cesnee

70.00
29. 54
Tr.

.13

ceseee
seenee

cesese
cessan
essese
creese

seesae

61,99
25,22
2.64
.04
.44
.14
.19

seeens

100,34
20,74,0

20, 73,

99.89

99, 84
0 20,173,0

99,78
12,82,0

99,72
16,79,1

90.39
3,82,6

100, 49
15, 80, 0

99, 67

18, 82,0

100,10
14,85,0

See following page for footnotes.

Semiquantitative spectrographic analysis of sample 67
[E=0,01-0.1 percent; F=0,001-0,01 percent; G =less than 0.001 percent. Li, Be, Co, Ga, As, Cb, Cd, Sn, Sb, Ta, W, Pt, Au, Hg, Pb, and Bi looked for but not detected]

Buvessrosnsacctoenssncesnncosscscanasss

@ oTomom

CU evearonessvscnssonasnsoacesnssress

Ll R

MOceeossoseacsceresccenncscocacsssssne

Ba tiiccecnantcnrescrncrccinctnscscnece

F
G
E

Spectrographic analysis of sample 74

[P = Phillips Research Laboratory determination; $=Shell Oil Company determination; Pres. =Present; a =Element detected; present in too small concentration for spectro=
chemical determination by procedure employed; b=Presence uncertain by reason of interference at only characteristic spectral lines exhibited;
¢ =Presence not detected; limit of detectability by procedure employed is as yet uncertain]

S

P

2 R PP S « 8 (b)
BEuetuernrrontencososciosisasasascancsansrsacocccscssssl  sssees | <0,0005
Buuastateresesasotasnasssesacsrscscaseneonesesssasnoons 0,004 .009

SCeessanaes

V eeceeecsseetesconessnsssncrcncsassecocassscscscnonane

secees

(c)
<,002

CF teeeeooccresvsssrssntcosscserosncsnssscasssassccns

Mheeoooasosesecessescecronssanns

eesee

Nisecoeeaosecaoreossacacrsanscnsencanss

Lo JPN

CU tieevseesesnstsssansncncacccscscsarcsassasassonsanes

0,01

sessee

.002

<0,0007
.01
.004
<,001
.003
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Spectrographic analysis of sample 74--Continued

P S P S
2 s . <0.03 MOueueeesasnsnsssesnnsssces cenene <0, 003
L 0.02 .02 A teiiieiiiicinroniranasane 0,002 . 001
Rb ..o.ounn.n sesesssanasenes ceeens <.01 T cssecnonns .03 a<,04
Sleuceneissareacssosnssnsons .1 a<.03 Ce tnrrenrsnrvsnnnennsannann rerene (c)
Youenn <.005 T csvane <. 00003
2 S .02 .04 |2 B P R .08 .03

! Not included in total,

% Calculated from reported Fe or P,

3 (Calculated by compilers; ignition loss less COy
and less HyO-; probably contains some F and S.)

4 H,0+, above 100° C,; H0-, at 100° G.

5 At 110° C,

© Reported as S.

66,

68-69.

1.,

g

3

b

4.

" Reported as 0. 48 percent by O'Harra and others (1908, p. 23).
® Organic matter calculated from reported C.

°100.27 in text.

(0 calculated from F, by compilers, 0,63 percent. Subtotal,

103,51; total, 102,9,)

' cludes any PyOs.
% Probably absent.

DESCRIPTIVE NOTES

CFirst page number in reference indicates source of analysis]

Wyoming--Continued

Laramie County. Upper Cretaceous. Pierre shale. T.19 N., R. 70 W. (?),
(H. D. Thomas, written communication, 195€), 0,75 mile northwest of
Bradley station, Analyst, Phillips. (Ball, 1907, p. 243.) Shale, dark-gray,
soft, fissile; contains some selenite. Composite sample from 100-ft exposure.
Possible use: Cement material.

Lincoln County. Permian, Phosphoria formation, Meade Peak member.

Sec. 7, T.26 N., R.119 W. Analyst, under supervision of Walthall. Spectro-
graphic analyst, Mortimer. Lab, No. VEM-26-47. (McKelvey and others,
1953, p. 13, 18, 2, 22, pL 1; Gulbrandsen, 1958, p. 12, 5, pl, 1.) (Analysis
suggests 32, 3 percent phosphate, 5.4 percent gypsum; shows 3, 4 percent
alkalies.) Mudstone, phosphatic; brownish black, fossiliferous, contains in-
cipient pellets, Bed P-57; 1.6 ft thick. Trench sample, 79,05 ft from top of
member. Index map, outcrop map; generalized columnar section, detailed
columnar section. Modal grain size. Mineralogy. (For other analyses from
same measured section see samples in Lincoln County in other groups of this
compilation. )

Lincoln County. Phosphoria formation. T. 27 N., R. 119 W. (Allsman and
others, 1949, p. 17, 3, 4, figs. 1, 2.) Carbonaceous shale, black. General
description of deposit. Geologic and topographic map, geologic profile.
Possible use: Source of vanadium.,

#68. Lab., No. Wy-1.3 Met. A. (Analysis suggests 6.2 percent phosphate,
8. 4 percent more CaO and MgO than required for carbonates; shows
4.1 percent S.)

*69. Lab., No. Wy-1.4 Met, B. (Analysis shows 4.1 percent S; suggests
2.2 percent phosphate, 7.8 percent more CaO and MgO than required
for carbonates. )

Sheridan County. Upper Jurassic, Sundance(?) formation, T. 55 N., R, 86 W.,
(H. D. Thomas, written communication, 1957), Big Goose Canyon, 15 miles
southwest of town of Sheridan. Analyst, Steiger. (Clarke, 1910, p. 296.)
(Analysis shows 8, 8 percent alkalies, 3,1 percent FeO; suggests 2. 6 percent
more MgO than required for carbonate.) Glauconite. Bulk density, 2.73,
Weston County. Upper Jurassic, Morrison formation. T. 45 N., R, 61 W.,
near town of Newcastle, Analyst, Bates. (Ball, 1907, p, 236; O'Harra and
others, 1908, p. 23,) Shale, average sample. Carbonaceous, slightly plastic,
few iron pyrite nodules, from 20 ft outcrop; outcrop map. Possible use:
Cement material,

Weston County. Upper Cretaceous, Mowry (?) shale (H. D. Thomas, written
communication, 1957). (T. 48 N., R. 65 W.) town of Upton. Analyst,
Fairchild. Collector, Ross. Lab, No, C-993, (Wells, 1937, p. 71.) Bentonite,
Weston County. Mowry(?) shale (H. D. Thomas, written communication,
1957). Upton. Analyst, Shell, Lab. No. 6. (Speil, 1944, p. 13.)
Montmorillonite,

Weston County. (Mowry shale.) Upton. Microscopic examination by Main.

(Kerr and others, 1950, p, 53, 80, 81, 96, 106, 131, 154, For additional

5.

6.

.

8,

19.

80.

81,

82,

83,

84,

Wyoming--Continned

information see Kerr and Kulp, 1949, fig. 18; Kerr and others, 1949,

figs. 11, 14, 16; Main, 1950, p., 37, 38, 50, 53; Davis and others,

1950, pl.22; Adler and others, 1950,pls, 5, 14.) Montmorillonite, light-gray;
small amount of gypsum. Index map, stratigraphic section, Staining tests;
thermal curves; exchange isotherms graph, summary of base-exchange
capacity; size composition; electron micrograph; infrared absorption measure-
ments. Mineralogy.

Weston County. Mowry(?) shale (H. D. Thomas, written communication,
1957), (T. 48 N., R. 66 W.}. town of Thornton, American Colloid Co.
mine. (Nutting, 1943, p. 178, 153, 179, 184,) Clay, montmorillonite,
also reported as swelling bentonite. Physical tests. Possible use: Binder in
drilling muds, molding sands, filler.

Weston County. Upper Cretaceous, Graneros shale, above Mowry shale,

(T. 48 N., R, 65 W.) about 2 miles northwest of Upton, American Colloid
Co. Analyst, Bentley, (O'Harra, 1929, p. 48.) Bentonite, creamy=

to greenish-yellow; about 3.5 ft thick; little overburden. Moisture as
received, 25.71 percent at 110° C.

Weston County. Graneros shale, above Mowry shale. (T. 46 N., R. 63 W.),
4 miles west of town of Osage, Wyoming Bentonite Co. Analyst, Bentley.
(O'Harra, 1929, p.48, 47.) Bentonite, mostly greenish-gray, about

3 ft thick; little overburden. Moisture as received, 23.45 percent at 110° C,
Use: Molding sand.

Weston County. Graneros shale, above Mowry shale. (T. 47 N., R. 64 W.),
about 1.5 miles from Jerome Siding, Federal Foundries Co. Analyst,
Bentley. (O'Harra, 1929, p. 48.) Bentonite, yellowish tinge; about 3.5 ft
thick; little overburden. Moisture as received, 31,03 percent at 110° C,
Use: In foundries.

Weston County. Graneros shale, lower part of Belle Fourche shale member.
(T. 46 N., R. 63 W.), Osage. Analyst, Fairchild, Collector, Rubey.
Lab. Nos. C-870, C-941, (Wells, 1937, p. 71,) Bentonite.
Weston County. Graneros shale, Sec. 30, T. 47 N., R. 63 W.
Mondell. (Hewett, 1926, p, 56,) Bentonite.

Weston County. Upper Cretaceous, associated with Benton shale. (Sec. 6,
T, 42 N., R. 60 W.) town of Clifton. (Ries, 1897, p. 1146.) Clay,
“mineral soap. " Shrinks and cracks in burning; lacks plasticity.

Use: Manufacture of paper. Possible use: Hydraulic lime.

Yellowstone National Park. (Recent.) Norris Basin, spring 75. Analyst,
Whitfield. (Clarke, 1924, p. 209, 208,) Spring deposit. Dried at 104° C,
Yellowstone National Park. (Recent.) Bank of Pelican Creek near
Yellowstone Lake. Analyst, Heizmann. (Peale, 1883, p. 411.) Geyserite,
red and white,

Yellowstone National Park. (Recent.) Artist's Paint Pots, spring at foot of
terrace. (Allen and Day, 1935, p. 455, 232.) Clay, red, tinted with
hematite. Index map.

Collector,
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CHEMICAL COMPOSITION OF SEDIMENTARY ROCKS

TABLE 12,— Analyses of samples from Colorado, Kansas, Montana, Nebraska, North Dakota, South Dakota, and Wyoming containing clay and carbonates each less than

75 percent; clay and carbonates each greater than uncombined silica (Group E) common and mixed rock categories

Csamples of mixed rock category indicated by an asterisk (¥). Chemical analyses arranged by State, county, and stratigraphic position. For analyses from
North Dakota: (Hansen, 1953) $iOp, AlyOg+Fey03, and CaO given as whole numbers in text. Additional information on percentages of these constituents
and of MgO, CO;, and ignition loss were supplied by Miller Hansen (written communication, 1954)]

Colorado
1 2 3 4 5 6 7 *8 9 10 11 12 13
5E7-18 SE17-19 SE8-2 5E19-1 5E19-2 5E23-8 5E34-1 S5E35-10 5E35-11 5E35-12 5E35-13 5E51-60 S5E51-61
48,09 25,54 18.16 23.32 36,1717 26,51 48.87 34,92 24.85 17,40 18.59 45.89 38.30
14,23 8,72 15,34 } 9.68 9.93 { 5,19 12,26 9,73 8,41 6.17 6,03 13.24 13,90
3.88 .54 3,81 - . 12.56 4,44 4.21 .19 .54 .31 3.88 2,66
. . .80 ceeans P I TP PP . PP .56 .89
MgO .veveinnnnnnn 1.97 .56 3,94 Tr. 6,71 3.82 15,10 1,06 .67 .70 2.12 2.46
Cal.ivvvecinnnsnan 12.23 33.170 25,88 228,80 13.50 10,06 10,00 32,68 39,38 38.55 12,09 17,36
Nagl covencacaanns .10 .12 2.36 .55 .62 Tr. .18 .24 .47 .24
KO vrrournaannnn . 2,10 .41 1,55 1,176 1,22 1,22 .62 .98 2.31 2.05
HeO+..0vvnnnne 32,38 } 8.28 22 { 31,98 $2,13 34,16
| 271 ¢ LRI 1,00 3,66 : : $1,27 2.52 .55 3.86 3,67 31,38 .15
sene .02 areses W17
cerene seeens cesnes ] eveves | esenes | aan ‘oo N N T reene teenen casens
25,43 24,62 18.27 PETT T R R . 30.75 29.14 10,38
.86 P I TTTT T RO, Cesens
Tr. .14 . cenues Tr. .45 Tr. .52 a0 [ ...l 2.27
Organic matter .... 1,19 . 4(21.6) PO ceeens ceaees .36 1,78 3,47
Ignition loss ...... N 14,93 ceeean EETTTTI SR S 522,17 16.39 19,82 30.04 PSS I 21.95
Total.... 98,53 100.25 100,03 69,92 76.37 6100,18 799,94 898,14 99, 60 99,99 100.11 100,08 101,94
Class .ovvavunenens | 19,53,23 | 10,30,58 | 0,38,54¢ | 7,28,62 | 20,30,48 | 14,42,39 | 22,49,26 | 13,42,33 | 9,29,61 | 6,21,70 | 8,22,66 | 18,54,23 |11,51,33
magnesian |magnesian X calcareous magnesian N . . magnesian
CaO/Mg0..eveansn verene calcite cf cite cflcite calcite e PRSP dcfomite calcite calcite calcite cianee cﬁlc ite
Colorado Kansas
14 15 16 17 18 19 20 21 22 23 24 | 25
SE51-62 SE54-2 15E6-4 15E6-5 15E13-7 15E25-4 15E25+5 15E26-3 15E31-2 15E37-5 15E38-1
SiOgeceercssctsctnentnnsannss 50,36 35.10 24.25 18.45 27.1 22.38 41,52 18,76 22,08 45.91 20,18 85.92
Al Ogeceecsonaocnrsarsoncnons 19.38 11,48 2.28 8.47 97.28 104,26 10 8,03 15,32 107,47 12,44 16,57 5.09
FegOgeeenecesnrsnncnnccanncne 2.17 1.87 5.04 2.17 12 3,30 122,71 122,93 4,18 121,34 5.16 2.05 .62
1,50 .68 217,59 22,12 14,04 1.98 .84 .29 2.29 1,96 1,16 .32
7.95 21,61 228,64 236,76 16.38 36,38 24,34 39,02 35,04 14,91 38,93 .30
.15 .42 FRRPN FETN .66 .13 .98 .08 .90 sereee 13 3,79
2.88 1,72 ceenen 1,61 .36 .97 1,48 1,87 cassee .93
14,60 1427 .63
15 .42 .82 2,79
.09 .03 .10 .04 .11 Nil
Seviioians .10 Nil Nil 18 (,12) .19 Nil
8O3 covuus Nil Nil Nil Tr. Tr. Sarses
Ignition 1088 vevvensicnriancnns 14,32 25,18 ceenas veeees |1727,94 ]1831,25 1820,25 1730,95 |1829,21 15,05 1731,85 17 .72
Total.eeveonaans .| 1999.31 98, 65 68.43 68,41 | 99,53 99.5¢ |2 99,96 98.52 99,03 | 299,32 100.74 100,48
Class vovevenoncnnaonnssansnses | 14,65,17 | 13,44,40 | 15,18,67 | 1,29,70 | 11,30,53 | 12,19,66 | 24,31,40 | 5,26,65 7,26,61 | 18,50,24 | 6,25,67
Ca0/MEO..evennnniiriennnnes calcite calca:e‘ous rnagne'smn dolomite magne'sian calcite calcite rnagne'smn calcite
dolomite calcite calcite calcite
Spectrochemical analyses
[Standard purity graphite electrodes used. A dash (=) indicates element not present in detectable amount, except St present in all samples but not determined.
Zn and Mo looked for in all samples but not detected ]
19 20 22 19 20 22 19 20 22
Bivessreiavennnnns 0,003 - 0,0035 Ma........ PR 0.25 0.055 0,015 bS] 1 - 0,001 -
Ticeveecanciannns .008 0,02 . 007 . .005 .002 .002 - .03 -
Vieeoaeeaannanans .001 .02 Tr. [0 . 0001 .001 . 0003 Pbeveesonrsconnnes - . 001 -
(o N . 001 .01 .003 Ag ..., Ceeeenaes . 0001 - -
Spectrographic analysis of sample 25
[Li, Sr, Zr, and Ba may be present but not shown on spectrograph ]
P e e eseesasiosonsssasssiossotissoserssanaes v evvreeeresessmall but positive raCe || MD...eeeereereseraroerneansesenssssososoneseesioensenss ......very faint race

* From total Fe (Bradley, 1931, p. 32).

% Calculated from reported MgCO; or CaCOg.
3 H,O+, above 100° C.; H;O-, at 100° C.

4 Not included in total.

S Loss on ignition, less COg, includes HyO
of hydrous minerals.

8 V405, 0.00 percent; Cr,05, 0.00

percent; ZrO,, faint trace(?).

798.94 in text.
899,50 in text.
? Includes MnO.

10 Inctudes MnO, ZrO,, V05,
and TiO, if present.

1 1pcludes TiO;.

12 Total iron.

13 By difference.

14 geported as HyO-.

15 [cludes ZrO; and V205,

16 Not included in total,
included in ignition loss.

17 140° -1, 000° C.
18 105° -1,000° C.

19 97,81 in text.
2999 43 in text.

2110006 in text.
2299.13 in text.
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CFirst page number in reference indicates source of analysis1

Colorado

Boulder County. Upper Cretaceous, Graneros shale, near base. T.1N.,

R. 71 W., Polecat Canon, near town of Boulder, Adamant Brick Co.
Analyst, Tremaine. Lab. No, 43. (Butler, 1915, p. 342, 158, 164, 165, 318,
319.) Clay, gray, fine-grained, medium-hard, massive; 20 ft thick, over-
burden, 3-4 ft. Index map. Ceramic tests, physical properties, mineralogy.
Use: None. Plasticity too low; cohesion and absorption too high.

Boulder County. Upper Cretaceous, Niobrara limestone, argillaceous bed
above base. Sec. 28, T.3 N., R. 70 W., northwest of town of Longmont,
Analysts, Phillips, Brobst, and Bates, Lab, No. 159, (Martin, 1909, p. 324,
315, 322,) Limestone, black, shaly; 20 ft available. Composite sample
from outcrop. Index and outcrop map. Possible use: Cement material.
Chaffee County. Upper Devonian, Ouray limestone. Tps. 49 and 50 N.,

R. 6 E., Monarch Hill. Analyst, Butters. (Crawford, 1913, p. 63, 21, 62,
236.) Limestone, dark-gray, argillaceous; 12 ft thick. Index map,
detailed measured section.

Eagle County. Lower Mississippian, probably Leadville limestone, T. § S.,
R. 86 W., or farther west (Ogden Tweto, written communication, 1956),
near town of Eagle, (Burchard, 1912, p, 661.) Limestone.

Garfield County. Eocene, Green River formation. Sec.32, T.6S,, R.97 W,,
Monarch Shale Oil Co. mine, Analyst, Fairchild, Lab. No, 17, (Bradley, 1931,
p.32, 31, pls.1~3.) Oil shale; estimated oil yield, Outcrop map, geologic map,
correlated columnar sections, mineralogy. Organic matter from calculated
mineral composition, reported as organic matter minus combined water, (For
other analyses of oil shale see sample 20 group D and samples 22-24 group M,
of this compilation.)

La Plata County. Upper Cretaceous, Mancos shale, (T, 35 N., R. 9 W.),
near town of Durango, Durango Pressed Brick Co. quarry, Analyst, Bates.
(Shaler and Gardner, 1907, p. 297.) Shale, black or dark-gray, hard.
Contains a little lime, usually in concretions. Use: Brick.

Larimer County. Triassic(?) and probably Permian, Lykins formation. Sec.7,
T.5N., R. 69 W., northwest of town of Loveland. Analyst, Tremaine.
Lab. No. 314. (Butler, 1915, p. 344, 234, 238, 239, 330, 331.) (Analysis
suggests 8. 4 percent more CaO and MgO than required for carbonates; shows
1.8 percent alkalies.) Shale, red, fine-grained, soft; 8~10 ft exposed. Index
map. Ceramic tests, physical properties, mineralogy. Possible use: None.
Larimer County., Niobrara formation, Sec. 7, T. 5 N., R. 69 W., north-
west of Loveland, Analyst, Tremaine. Lab. No. 320, (Butler, 1915,

p- 344, 234, 240, 332, 333.) Shale, yellow to brownish, calcareous,
medium-hard, quite sandy; 50-75 ft exposed; overburden 2 ft. Index map.
Ceramic tests, physical properties, mineralogy. Possible use: None.

Larimer County, Niobrara limestone, argillaceous bed above base. Analysts,
Phillips, Brobst, and Bates. (Martin, 1909, p. 324, 315, 320, 321,) Index
and outcrop map. Possible use: Cement material,

10. NE} sec. 29, T.8N., R. 69 W. Lab. No. 165. Limestone, shaly,
thin-bedded; 18 ft thick; composite sample from outcrop.

11, Sec. 35, T.4N., R. 70 W, Lab, No, 164. Limestone, shaly.
Composite sample from outcrop, Detailed measured section.

Pueblo County. Niobrara formation, Smoky Hill chalk member (K. M.
Waagé, written communication, 1958), (Probably T. 20S., R. 67 W.,
near Rush Creek.) Analyst, Steiger. (Gilbert, 1897, p. 7, 6.) Shale;

150 ft above base of formation. Index map, geologic maps.

Possible use: Portland cement material.

13-14.

15,

16-17,

18.

19.

20,

21,

22,

23,

24,

25,

Colorado--Continued

Pueblo County. Upper Cretaceous, Pierre shale. (T.20S., R, 65 W.),
town of Pueblo, Summit Brick and Tile Co. Analyst, Tremaine, (Butler,
1915, p, 345, 272, 282, 338, 339.) Index map. Ceramic tests, physical
properties, mineralogy.

Possible use: Brick.
Use: Brick.

13, Clay. Lab. No, 468.
14, Clay. Lab. No, 467,

Routt County. Mancos shale. (T. 6 N., R. 84 W.), 1.25 miles northwest
of town of Steamboat Springs. Analyst, Tremaine. Lab, No. 482. (Butler,
1915, p. 345, 285, 286, 338, 339,) Shale, gray, fine-grained, hard;
contains streaks of sandstone. From lower part of 100~ft exposure, Index
map. Ceramic tests, physical properties, mineralogy. Possible use: Brick.

Kansas

Bourbon County. Pennsylvanian, Fort Scott limestone. (T. 25 S., R. 25 E.)
Analyst, Bartow. (Haworth, 1898, p. 67, 66.) Use: Cement material.
16, Northeast of town of Fort Scott. Lab, No. 2, c. Limestone, from
bottom of stratum.
17. Cement works, north of Fort Scott, Lab, No. 3, a, Limestone,
about 4 ft thick, top of stratum,

Clark County. Permian, Whitehorse sandstone, upper shale. NE} sec. 27,
T.31S., R.22 W., (R. T. R 1s, written cc ication, 1957).
Analyst, under supervision of Runnels. Lab. No. 1794. (Swineford, 1955,
p. 122.) Dolomite-shale, red.

Elk County. Pennsylvanian, Lecompton limestone, Beil limestone member.
Sec. 21, T.30S,, R, 11 E, Lab, No, 5382. (Runnels and Schleicher, 1956,
table 15, pl. 2. p. 86, 97.) Limestone, 9.5 ft thick, Chips from contin-
uous surface. Index map, résumé of spectrographic results.

Elk Gounty. Pennslyvanian, Howard limestone, Bachelor Creek limestone
member. SE} sec. 11, T, 30S., R. 10 E. Lab. No, 5379, (Runnels and
Schleicher, 1956, table 12, pl. 1., p. 86, 97.) Limestone, 4 ft thick.
Chips from continuous surface. Index map, résumé of spectrographic results.
Ellis County. Niobrara formation, Fort Hays limestone member. Sec. 27,
T.11 8., R, 18 W. Lab. No. El-3-1a. (Runnels and Dubins, 1949, p. 22,
4, 9, 10,) Chalk, from lower part of basal bed. Insoluble residue, 32,1
percent. Index map. Thin section description.

Geary County. Permian, Fort Riley limestone. NW} sec. 10, T. 12 S,,

R. 5 E. Lab. No. 53159, (Runnels and Schleicher, 1956, table 4, pl. 1.,
p. 86, 9.) Limestone, 7.6 ft thick. Chips from continuous surface, Index
map, résumé of spectrographic results.

Greenwood County. Howard limestone, Aarde shale member, nonmarine
shale, Sec.12, T. 28 S., R. 10 E. Analyst, Runnels. (McMillan, 1956,
p. 214, 194, 220, 248, pis. 1, 2.) Shale, yellowish-brown; 6-11 inches
below coal. Selected sample, estimated amounts of clay constituents, Outcrop
map; columnar sections, correlation of columnar sections; mechanical analysis,
X-ray pattern. (Foranotheranalysis from same d section see sample
165, group B of this compilation.}

Hamilton County, Niobrara formation, Fort Hays limestone member. Sec.25,
T.22S., R.43 W. Lab, No, Ha-1-1a. (Runnels and Dnbins, 1949, p, 22,
4,9,10,) Chalk, from lower part of basal bed. Insoluble residue, 28,31
percent, Index map, Thin section description.

Analysis of coarser portion of insoluble residue of sample 24, Lab. No.
Ha-1-1al. (Runnels and Dubins, 1949, p. 23, 17, 26.)
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TABLE 12.— Analyses of samples from Colorado, Kansas, Montana, Nebraska, North Dakota, South Dakota, and Wyoming containing clay and carbonates each less than

75 percent; clay and carbonates each greater than uncombined silica (Group E) common and mixed rock categories--Continued -

Kansas
26 27 28 29 30 31 32 33 *34 35 36 L *37 38
15E45-16 15E45-17 | 15E45-43 | 15E45-44 | 15g45-45 | 15E45-46 | 15E54-1 15E58=-2 15E82-3 15E96~1 15E100-12
Insoluble «uueunse.| $(29.33) eeeses | 1(38,03) crenes ceeess [1(25.37) coseee
18.84 87.68 25,04 16.50 18,15 20,44 27,00 17.18 44,33 16.71 34,84 34,84 11,68
2g 43 4,06 26,48 8.65 9.70 7.06 10,91 31,90 13.68 24,64 9.92 9.92 4,17
‘ 1.18 2,05 3.85 3.60 3.50 4,82 44,16 5,05 1.60 4,09 ‘44,00 .99
MgO.... .39 1,40 .35 .21 .40 .19 1,24 9.68 V) 14,46 13.64 .83
Ca0..eene cosan 40,61 .30 38,00 38.90 317.66 35,12 27,54 41,53 7.86 41,84 12,06 11,90 38,12
Nag0 seovnvnensnns 62,06 .67 .36 .36
KiO venvvennennnns 273 | eeers } -8 -8t 2.58 2104 e { 2.51 1.68 0 I
HzO evvvenenannnne ceeres 3.01 5.36 .85
TiOz seveecnncnnes seseee 1.02 [P treses cenees 1.10 PRPN .94 894 .02
Nil 9 Tr. Nil Tr. .18 .10 .18 .18
30.86 29,79 27.89 21.74 caseoe
SO3 savecsorecness ereees cesaee cvesns 05 .02 .09 Tr. Nil Tr. cecene Tr. Tr. 2,60
Sescecenasasssnnas .01 cesene Nil cecnee cesees e ceeras Nil ceeene Nil cessae ND ceeree
Ignition 1088 +u0.... | 031,92 1 g0 | 1028,53 vesee. |1133.84 14,00 | 132,95 21,56 |[21,56 |'236.84
Totalesveeenns 97.86 |12100,00 101,50 99,91 99,94 100,04 99.66 99.85 99,13 97.84 100,08 99,11 96,10
Class ceeeceesnsees| 8,19,69 eeeses | 11,24,80 | 0,27,70 0,30,68 | 4,30,63 2,46,49 9,16,73 | 14,53,19 | 7,18,7 seeree 13,39,37 | 3,21,67
: s : . . magnesian | magnesian :
CaO/MgO «eveeanas | calcite sesene calcite calcite calcite calcite caleite calcite veneee calcite dolomite | dolomite calcite
Kansas Montana Nebraska géonh Dakota
39 40 41 42 43 4 | 4 46 41 48 49 _ 50 51
15E103=10 15E103=-11 25E6-1 25E6-2 25E15-3 26E91-1 33E2~1 33E2-2 33E10-17 33E10-8 33E10-9
cenaes tecane eeeees | 1(54,48) u4.90 1(30,80) PR ceenes cresee cecres ceeras creven cesene
19.36 50.80 50,80 540,98 24,00 26,07 cerees 14,7 29,27 30.70 13,72 14,37 17.4
AlOgeesevesaseses| 23,63 16,75 158,04 3,92 2,117 7.1 10,74 5.38 6,87 7.0
FeiOgannvrvvnnnnns| 48,02 |f 2258 4.8 | %110 4.00 2,08 4.25 1.7 s.e2 || 10420 2.41 2.36 3.5
FeO covneranaranas [RTPRIN 2.68 RPN menans verans cseens
MgOueeeasasenenae 1.42 2.19 2.19 1,47 1.26 12,99 12,69 1,0 1,53 161,43 .13 Tr.
Cal.iveceanasassas 38,70 8.87 8.83 22,06 35,79 19,58 19,38 37.3 26,68 |1725,21 635,97 16 34,45
N2z0 sevvesecnnnes .29 PP sevees 1.04
KO eavesercnnonee .13 ceveee 1.40 creees cevene
181,52
} 5,37 ceeses ceesen { 304
.24 sesens seevae
COz tecvvaseencres 18,24 29,14 29.3
SO3 eevveescaseses 11 aeanen None 5,11 cenees veraee cesenn .2 AP .75 Saseee
Organic matter .... ceseas ceveen cesees ceveen cesene cerees 6.3 veeses 2 8,00 ceseee
Ignition 10ss ....... | 1 32.26 12,24 30,02 23,59 veeese | 25,5
, Total eveeanss 99,76 88.81 95,64 92,00 99.97 100,46 98,2 95.63 66,96 66,80 95,1
Class vevsvvevnsses | 10,18,69 wesees | 16,62,20 | 26,33,41 | 9,26,63 | 17,17,61 0,31,66 6,42,45 5,44,48 1,30,66 0,34,61 1,32,58
magnesian . . . magnesian | magnesian . .
CaO/MgO.....e... | calcite calcite calcite | dolomite calcite calcite calcite calcite calcite calcite
Spectrochemical analyses
[standard purity graphite electrodes used. A dash (=) indicates element not present in detectable amount, except St p in both ples but not d d. V, Za, Sn,
and Ba looked for in both samples but not detected
33 39 33 39 33 39
0,003 0,003 0,40 0.25 - 0.0002
.002 .007 .0002 .003 0,000056 .00005
Cr vovcesncesssncncasnscacnss - W0001 [} Clleverrennananannncnncasanes .000025] ,00004 | Pbecsecocncaosacsasancrcasans - .002

! Not included in total,

2 Includes TiO; .

® Includes MnO, ZrO,, V,O5, and TiO; if present.

4 Total iron.

5 Lost,

By difference.

7 Reported as H;O - at 105° C.

® Includes ZrO; and V;Os.

? Reported as P, by spectrographic determination, small but positive.

10 340°-1,000° C,

1 905°-1,000° C.

2 A1 900° C., (loss on ignition less Hy0 -, calculated by compilers) .

B Mn by spectrographic determination, very faint; Sr, Li, Zr, and Ba
may be present, but not shown on spectrograph.

¥ Reported as insoluble, 28,90 percent; S$i0;, 24,00 percent by
Bauer (1925, p. 249); reported as SiO; and insoluble, 28,90
percent by Wells (1937, p. 54).

15 Information from U. S. Geol. Survey files.

16 Calculated from reported MgCOj or CaCOj .

Y CacOy reported as 75.00 percent, corrected to 45,00 percent
(Leonard, 1906, p. 70), Calculated from corrected CaCOjq.

18 4,0+, above 110° C; Hy0-, at 110° C,

!9 Not included in total, included in ignition loss.

20 Reported as carbonaceous matter.

2 Reported as bituminous matter,

2 [oss on ignition less COy (calculated by compilers);
loss on ignition on dry basis.
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Kansas-~-Continued

Jewell County. Upper Cretaceous, Niobrara formation, Fort Hays limestone
member. NWj sec. 9, T.2S., R. 7 W. Lab. No. Jw-2-1a, (Runnels and
Dubins, 1949, p. 22, 4, 9, 10, 24, 26.) Chalk. From lower part of basal bed.
Index map, columnar section. Thin section description,

Analysis of coarser portion of insoluble residue of sample 26. Lab. No.
Jw-2-1lal, (Runnels and Dubins, 1949, p. 23, 17, 26.)

Jewell County, Niobrara formation, Fort Hays limestone member. Sec. 27,
T.4S,, R. 8 W, Lab. No. Jw-3-1a, (Runnels and Dubins, 1949, p. 22, 4,
9, 10,) Chalk, Index map, thin section description.

Jewell County, Niobrara formation. S} sec,5, T.1S., R.7 W., Kern
farm, near town of Superior, Nebraska. Analyst, Robinson. Chalk, Out-
crop map, geologic map. Possible use: Cement material.

29, Lab, No., 4, (Barbour, 1913, p. 97, 95, 105, pl. 19.)
30, Lab. No. 9. (Barbour, 1913, p. 98, 95, 105, pl. 19, ) Average chalk.
31, Lab. No. 3. (Barbour, 1913, p. 97, 95, 105, pl. 19.) Average chalk.

32, Lab, No. 8. (Barbour, 1913, p, 98, 95, 105, pl, 19,)
Linn County, Pennsylvanian, Hertha formation, Critzer limestone member.
NE} sec. 23, T, 22 5., R. 23 E. Lab. No, 52275, {Runnels and Schieicher,
1956, table 27, pl. 3, p. 86, 97.) Limestone, 11 ft thick. Chips from con-
tinuous surface. Index map, résumé of spectrographic results.

Marion County. Permian, Wellington formation, SW4SE§ sec. 34, T.21 8.,
R. 1 E. Analyst, under supervision of Runnels. Lab. No, M-5, (Plummer

and Hladik, 1951, p. 21, 37, 47, 64, 65.) (Analysis suggests 7,7 percent
more CaO and MgO than required for carbonates; shows 3.2 percent alkalies,
1.1 percent Ti0;.) Shale, 14 ft thick. Bloating results. Index and geologic
map. Possible use: Lightweight aggregate.

Rooks County. Niobrara formation, Fort Hays limestone member. Sec. 26,
T.108., R. 17 W, Lab. No. Ro-3-1a, (Runnels and Dubins, 1949, p. 22,
4, 9, 10, 25.) Chalk, Iowest part of section. Index map, columnar section,
thin section description. (For analyses from same measured section see
samples 310-314, group F, of this compilation.)

Sumner County, Wellington formation. SWiNW§ sec. 26, T. 32 5., R. 1 W.
Analyst, under supervision of Runnels. Lab. No. SU-2. (Plummer and
Hladik, 1951, p. 21, 37, 47, 64, 65.) Shale, 11 ft thick. Bloating results,
Index and geologic map.

Presumably same sample as 36. Lab. No. 49417. (Swineford, 1955, p. 122,)
(Analysis suggests 12,7 percent more GaO and MgO than required for
carbonates; shows 2,0 percent alkalies,) Shale, gray and yellow. Possible
use: Brick, lightweight ceramic aggregate,

Wallace County. Pliocene, Ogallala formation, SW% sec. 19, T. 12 S.,

R. 41 W. Analyst, Thompson. Lab. No, 10b, (Kinney, 1942, p, 358, 357,
364, 365,) Calcareous clay, pale greenish-white, 0,5 ft thick. Immersion,
gelation, and other physical tests. (For analysis from upper part of bed see
sample 88, group D of this compilation. )

Wilson County. Pennsylvanian, Drum formation, Dewey limestone member.
SW§ sec. 14, T. 30 S., R. 16 E. Lab. No, 52318. (Runnels and Schieicher,
1956, table 23, pl. 3, p. 86, 97.) Limestone, 2.3 ft thick, Chips from
continuous surface, Index map, résumé of spectrographic results,

Wilson County, Pennsylvanian, (Lane-Bonner Springs shale) reported as
Concreto shale, (T, 30S,, R, 15 E,) town of Neodesha. (Haworth, 1903,
p. 56.) Shale. Possible use: Cement material.

237-368 0—67 7

41,

42,

43.

44,

45

46.

41.

48,

49-51,

Kansas~~Continued

Presumably same sample as 40. Analysts, Lathbury and Sparkman. Lab. No.
1257, (Haworth, 1903, p. 50, 51; Schrader and Haworth, 1906, p. 56, 57.)
Shale., Screen and physical tests, fired properties of cement mixture,

Montana

Carter County. Upper Cretaceous, Pierre shale, Monument Hill bentonitic
member, Sec. 12, T. 9 S., R. 55 E., about 4 miles north of town of Ridge
(from U. S. Geol. Survey files; analysis incorrectly reported as being from
Wyoming). Analyst, Fairchild; collector, Rubey. Lab. Nos. C-941-a and
C-941-b, (Wells, 1937, p. 65, 64.) Carbonate concretions in bentonite.

Carter County, reported as Fallon County, Oligocene, White River formation.
(Sec. 16), T. 3 S., R. 62 E., Capitol Rock, Analyst, Wheeler, Lab. No.
3006, (Bauer, 1925, p.249; Wells, 1937, p. 54.) Siliceous limestone.

Use: Silica content too high for use as cement material.

Flathead County. Precambrian, Altyn formation. (About T. 37 N.,

R. 24 W.) canyon six miles west of Hefty Ridge. Analyst, Dittrich, Lab.
No. 1270, (Daly, 1912, p. 99, 98.) Dolomite, impure. Type specimen,
general description of formation given. Bulk density, 2.816. Molecular
percentage, calculated mineral composition,

Soluble portion of sample 44.

Nebraska

Webster County. Niobrara formation, (T.1 N., R, 11 W.), 2 miles south-
east of town of Red Cloud. (Darton, 1910, p. 385.) Limestone, contains
clay. Outcrop map, geologic cross-section, Possible use: Cement material.

North Dakota

Barnes County. Niobrara formation, T. 140 N,, R, 58 W., near Valley
City. Analyst, Babcock, Lab, No. 5503, (Babcock and Clapp, 1906,
r. 104, 103, pl, 2,) Clay, medium-gray, weathers to light-cream;
fine-grained, contains very fine sand, Geologic map, Ceramic tests,
physical properties. Use: Nome. (Minor discrepancies occur in naming
of constituents and in their amounts when more than one version of the
analysis is found in the literature. )

Barnes County. Niobrara formation. Near Valley City. (Leonard, 1904,
p. 152,) Calcareous clay., Cream-colored layer in light-gray, clay-shale,
Cavalier County, Niobrara formation, Possible use: Cement material,

49, SE} sec. 13, T. 159 N,, R. 57 W. Analyst, Babcock. (Barry and
Melsted, 1908, p, 163, 162,) Calcareous shale; strong odor of
petroleum, conchoidal fracture; from 6-ft exposure, overlain by
15 ft of carbonaceous shale, Detailed measured section.

50, Secs. 25, 26, T, 161 N,, R, 57 W,, {Miller Hansen, written
communication,1954) . (Melsted, 1908, p, 218, 219-222,)
(Shale.) Tests for cement.

51, NE} sec. 24, T. 161 N,, R, 57 W., near town of Concrete,
Analysts, McMillian and Hoeppner, (Hansen, 1953, fig, 15,

p. 44,) (Shale) 2 ft thick. DH-2, depth of sample 225-227 ft,
Index map.
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TABLE 12.— Analyses of samples from Colorado, Kansas, Montana, Nebraska, North Dakota, South Dakota, and Wyoming containing clay and carbonates each less than
75 percent; clay and carbonates each greater than uncombined silica (Group E) common and mixed rock categories--Continued

North Dakota

*52 53 54 55 *56 *57 58 *59 60 61 62

33E10-11 | 33g10-10 | 33g21-16 | 33E21-21 | 33E21~19 | 33E21-25 | 33E21-23 | 33E21~26 | 33E21-17 | 33E21-18 | 33E21-20

Insoluble! evvurennarriiinieriieiinens cevene | (18.79) | (85.76) ceseee | (47.74) | (45.47) | (23.28) | (36.88) | (32.79)
14.00 19.06 17.33 29.67 27.26 32,69 35.57 25.59 18,05 27.01 27.11

ALOg.vvenen. 7.32 4,22 8.55
Feron e } 18,00 { 2263 } 4,63 6.76 { 16t 196 } 16.87 8.89 4,67 9.16 9.96
Mg0. ... .67 .00 6.10 4,76
veees | 533,61 36,92 39.19 30.48 30,31 23,47 21,06 37.06 39,48 30.35 28,90
HeO= ciuvnnen 8,00 cesees | 4(4.92) | 4(4.40) [4(36.89) [4(32.70) | 4(6,03) [4(17.00) | 4(9.52) {4 (18.70) | 4(7.24)
COg evnvennnn ceenennen | vermee | veniee | ceviee | eeeees | 1892 18.26
Ignition loss .. vesere | weeee. | 534,49 | 528,90 68,48 64,50 |523,83 | 524,46 | 533,16 | 527,80 | 528,80
Total,... 73.61 66.65 95.62 95.81 96.93 94,19 97.33 96.00 95.36 94,32 95,37

Class sovavssnssnsnsersnsnserscnsaraonse 0,39,50 3,28,67 | 10,16,70 | 18,23,54 { 18,24,42 | 15,32,40 | 7,52,38 | 11,26,51 | 10,15,70 | 12,30,54 | 11,33,52
magnesian {magnesian

Ca0/MEO 4ovesesassasesvcncnsosasncann calcite calcite calcite calcite . X calcite calcite calcite calcite calcite
calcite calcite
North Dakota South Dakota
63 64 65 66 67 68 69 *70 71 72 73

33E21-15 | 33E21-22 | 33E45-157 | 33£45-154 | 33E45~153 | 33E45-155 | 33E45-156 | 40E18-8 | 40E18-1 | 40g18-6 | 40E18-7

SOIUDLE ¢ereearscnssascassacsconsanaes | (26.73) (57.18) | (42.88) | (27.66) | (22.61) | (33.91) | (30.85) | ....ee censne cevese

Si02 seesee cesecancne 16.70 32,94 28.85 22,26 16.26 25,74 26.63 12,04 13,12 24,40 25,34
eresene 3.84 5,94 5,81 7.15 5,40
.61 } 7.06 8.30 5.9 9.26 8.09 5.42 { 5.02 5.03 3.7 3.46
4.84 seeeee cossen ceseee .59 .33 .50 1,57
38.45 18,36 33,25 35,35 40.88 30,91 33.45 36.65 41,53 30,84 34,70
(2.73) (11,11) (6.58) (3.56) (2.40) (11,29) (4.62)
803 coavnnane creare .82 1,72 .53 1,13
SiNFEeS; .ecserasns ervaes ceseen 4,03 1,97 1,48 3,60
IgNition 108S sevesesasevrsernsssnsanvanss 31,91 34,23 529,77 31,48 31,82 26,96 29,714
TO8l seveeasiaoncasnasssscsnscnnns 97.74 95,93 98,54 95,31 100,63 94,78 95,27 96.57 101,33 95,63 104,94
Class cevvvesavecncesasncsoananseasensnse 9,20,63 | 21,42,33 } 15,24,59 | 13,20,63 1,27,73 | 12,28,55 | 18,18,60 0,23,66 0,24,67 8,31,565 | 12,25,62
Ca0/MBO cvvevsneseavrroncacsosesesesnes magne.sxan calcite calcite calcite calcite calcite calcite calcite calcite calcite magne.smn
calcite calcite
South Dakota
T4 5 6 77 78 79 80 81 82 83 84
40E18-3 40E18-4 40E18~2 40E18-5 40E31-3 40E31~1 40E31~2 40F47-1 | 40E52-39 | 40E67-30 | 40E67-29
cteececessenan 23,16 24,00 22,94 24.12 19,98 17,94 19,12 15,51 22,47 33,36 26.66
9,16 6,70 9.50 5.73 9.16 8,76 9.38 5.80 9.80 { 7.54 8.12
3,46 3.14 1,40 2.83 2,66 3.06 2.80 : ‘ 3.20 6.00
.52 1,34 .64 1,89 .71 1,37 1,27 1,08 1,54 3.1 1,66
30.02 30,95 30,56 32.49 36,44 37.08 35,27 38.85 25,01 25,31 28.85
tecane eeesas cseene cereee ceeres cesses cesene 1,50 .75 ereree saceee
.85 1.39 1,80 1.21 .10 .10 .04 "1, 71,84 None None
.55 3.26 3.33 3.35 .13 .13 .07 cessan
IgMTION 1088 cevesceceansacersscssssnsane 31,56 30,10 31,60 28,44 31,71 31,93 31,44 36,67 38.25 23,43 23,18
TOt8losecerosasnscesrsrnsossencenns 99.88 100,88 101,57 100,06 100,95 100,37 99,39 99,41 99,66 99,77 98,78

Class cvvvevesoncnasensennsanescarancees | 2,42,84 | 9,30,56 5,37,54 | 11,24,59 | 1,34,65 0,32,66 0,34,64 6,20,72 6,43,48 | 16,34,46 | 6,42,46

: magnesian . magnesian . 5 . : magnesian |magnesian {magnesian
Ca0/MBO evureerrunsrsenesnscsnanssanas calcite calcite calcite calcite calcite calcite calcite calcite calcite calcite calcite
! Not included in total, © Loss on ignition less CO, (calculated by compilers) .
% Reported as iron. Loss on ignition on dry basis.
3 Calculated from reported MgCOg or CaCOg3., ! Reported as S,

4 Reported as mechanical moisture; not included in total.
5 Ignition loss on dry basis,
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North Dakota=--Continued

Possible use:
Cement material,
*52, (T.168 N., R.57 W.), Pembina area, (Betkey, 1905, p. 151, 142,
149, 150,) (Analysis suggests 9,6 percent excess Al;Og and FepOg;
2.7 percent more CaO than required for carbonate,) Marl, yellowish
and bluish, massive; 150 ft thick, Index map, detailed measured
section, generalized geologic cross section.
53, T.163 N,., R. 58 W,, junction of Pembina and Little North Rivers.
Lab, No, 3, (Barry and Melsted, 1908, p, 198, pl, 28,) Calcareous
shale; 8 ft thick. Index and geologic map.

54-62, Hettinger County. Oligocene, White River formation. T.136 N,, R.93 W.,

Colgrove Butte, Analyst, under supervision of Burr. Overburden and estimated
tonnage. Index map, geologic map; detailed measured sections or logs of
auger drill hole, Correlation (fence) diagram. Use: None, contains chert,
beds too thin,

54, SW} sec.16. Lab.No.2-2. (Hansen, 1953, fig, 74, p.44, 184,

152, 172, figs. 6, 14.) Limestone, light~gray, some chert; dense;
1 ft 4 in thick.

85. NE} sec.16. Lab,No.5-1, (Hansen, 1958, fig, 74, p.44, 134, 153,
172, figs. 6, 14.) Limestone, gray, some chert, soft; 11 ft 3 in thick;
from top of bed. (For another analysis from same measured section
see sample 23, group Fy of this compilation.)

Center east line SEYNE4NE} sec. 17, Lab, No. 44-16. (Hansen, 1953,

fig. 7B, p. 44, 134, 143, 172, figs. 6, 14,) (Analysis suggests 13.8

percent more CaO and MgO than required for carbonates,) Limestone,

some chert (1 ft thick).

Center east line SEYNE4NE} sec. 17. Lab, No. 44=6, (Hansen, 1953,

fig. 7B, p. 44, 134, 143, 172, figs. 6, 14.) (Analysis suggests 6.4

percent more CaO and MgO than required for carbonates,) Clay

(1 ft thick) .

58, NWiNE} sec. 17, Lab. No. 8-1, (Hansenm, 1953, fig. B, p. 44, 134,

154, 172, figs. 6, 14.) Limestone, gray-white, clayey, some chert,

Composite sample, noncalcareous, green clay inclusions.

Center south line NWSE4NE} sec, 17, Lab, No, 47-10, (Hansen,

1953, fig, 7B, p. 44, 134, 154, 172, figs, 6, 14.) (Analysis suggests

11,0 percent more CaO than required for carbonate,) Clay (1 ft thick).

(For another analysis from same measured section see sample 129,

group F, of this compilation.)

60-61. Center east line SE{NE} sec, 17, (Hansen, 1953, fig, T8, p.44,
134, 144, 172, figs. 6, 14,) Limestone, some chert, (For other
analyses from same measured section see samples 27 and 28, group
Fy of this compilation, )

60. Lab, No, 46~15.
61, Lab. No, 46~14,

62. SWi sec.17. Lab, No. 10-1, (Hansen, 1953, fig. A, p.44, 134,
154, 172, figs. 6, 14.) Limestone, cherty, fossiliferous, sandy; more
than 4 ft thick,

*56.

*59,

63-64, Hettinger County., White River formation. Analyst, under supervision of Burr.

Overburden and estimated tonnage. Index map, geologic map; detailed
measured sections. Correlation (fence) diagram. Use: None, contains
chert, beds too thin.

63. Sec. 18, T.136 N., R.93 W., Bull Butte, Lab. No. 31~1. (Hansen,
1958, fig. 5, p.44, 134, 150, 172, figs. 4, 14,) Limestone, gray, soft;
clay inclusions; two thin zones of limestone nodules; 15 ft thick.

64, NWi sec,7, T.136 N., R.94 W,, School Butte, Lab, No, 22~4,
(Hansen, 1953, fig, 11, p. 44, 134, 160, 172, figs. 4, 14.) Clay,
gray=-green, calcareous; 4 ft 2 in.thick.

65-69, Stark County, White River formation., Overburden and estimated tonnage.

Index map, detailed measured sections. Correlation (fence) diagram,

65. NWiNE} sec, 30, T. 137 N., R. 94 W., Long Butte, Lab, No, 41-2,
(Hansen, 1953, fig. 9, p. 44, 134, 158, 172, figs. 8, 14.) Clay,
white, calcareous, limestone nodules; 1 ft 4 in.thick. Possible use:
Cement material,

66, SWiNw} sec. 30, T.137 N., R. 94 W.,, Long Butte, Lab, No, 14-2,
(Hansen, 1953, fig. 9A, p.44, 134, 156, 172, figs.8, 14,) Limestone,
gray, soft; 2 ft thick. Possible use: Cement material, (For other
analyses from same measured section see sample §3, group G, and
sample 37, group Fy of this compilation.)

70-177.

78-80,

81-82,

83-84,

North Dakota=-Continued

67. SE% sec,36, T.137 N., R.94 W,, Swaight Butte, Lab. No. 67-2,
(Hansen, 1953, fig, 134, p. 44, 134, 162, 172, figs. 12, 14,)
Limestone, hard, clay inclusions; 1 ft thick, Use: Not desirable as
cement material; beds too thin.

68, SE} sec.24, T.137N., R.95 W., Long Butte, Lab, No. 16~4,
(Hansen, 1953, fig. 94, p. 44, 134, 156, 172, figs. 8, 14.) Clay,
gray-white, calcareous; 3 ft thick. Possible use: Cement material.
(For other analyses from same measured section, see samples 44 and
45, group Fy of this compilation.)

69, Secs. 11 and 12, T, 139 N,, R, 91 W., Young Man's Butte. Lab.
No, 43-4, (Hansen, 1953, fig. 3, p. 44, 134, 163, 172, figs. 2,
14,) Limestone, gray, harder at top and at base; 6 ft 3 in thick.
Use: None; small tonnage. (For another analysis from same measured
section, see sample 46, group Fy of this compilation.)

South Dakota

Davison County, Niobrara formation., Analyst, under direction of Frary;
collector, Kirby. Index and outcrop maps.

%70, Nw} sec.27, T.102 N,, R.61 W,, Enemy Creek area. (Rothrock,
1931, p.34.) (Analysis shows 4,0 percent S in FeSy; suggests 1.8
percent gypsum; 1,5 percent excess Al;Og, 1.3 percent excess FepOs.)
Chalk, blue, unweathered, unleached. Analysis of 10 ft at depth of
40-50 ft. (For other analyses from same measured section see samples
54 and 55, group Fy of this compilation.)

71, Secs,28, 33, T,102 N,, R.61 W,, Enemy Creek area. (Rothrock,
1931, p.33.) Chalk, blue, unleached; average of 22 ft, at depth of
27-49 ft,

72, NWji sec. 34, T, 102 N., R, 61 W,, Enemy Creek area, (Rothrock,
1931, p.34.) Chalk, blue, unleached; average of 21 ft, at depth
of 29-50 ft,

78. Secs.3l, 32, T,104 N., R.61 W,, Firesteel Creek area, (Rothrock,
1931, p. 32,) Chalk, blue; analysis of 27 ft at depth of 13-40 ft.

74, Secs.81, 82, T.104 N,,R.61 W,, Firesteel Creek area. (Rothrock,
1931, p.31,) Chalk, blue; analysis of 25 ft at depth of 15-40 ft,

75. Sec.383, T.104 N., R, 61 W,, Firesteel Creek area, (Rothrock,
1931, p, 31,) Chalk, blue; analysis of 14 ft at depth of 20-34 ft,

76, Sec.33, T,104 N,, R. 61 W,, Firesteel Creek area. (Rothrock,
1931, p.30.) Chalk, blue; analysis of 14 ft at depth of 19-33 ft,

. Sec,33, T.104 N., R, 61 W., Firesteel Creek area, (Rothrock,
1931, p.31,) Chalk, blue; analysis of 8 ft at depth of 33-41 ft,

Hanson County. Niobrara formation. T, 101 N., R.59 W., Twelvemile

Creek area, Analyst, under direction of Frary; collector, Kirby. Index and
outcrop maps. Possible use; Cement material.

78. SE% sec. 18, (Rothrock, 1931, p,37.) Chalk, white; average
sample; analysis of 12 ft at depth of 4-16 ft.

79. NE} sec.19. (Rothrock, 1931, p, 36.) Chalk, blue; analysis of 16 ft
at depth of 19-35 ft,

80, Sec. 19, (Rothrock, 1931, p.36,) Chalk, blue; analysis of 15 ft at
depth of 20-35 ft,

Niobrara formation, Limestone., Outcrop map. Possible use: Cement
material.

81, Meade County, (T.4 N.,R.6E,) 10 miles east of town of Tilford,
near Antelope Creek, Analyst, Coolbaugh. (O'Harra and others,
1908, p. 20.,)

82, Pennington County. (T.1N., R.7 E.) near Rapid City. (O’Harra
and others, 1908, p.21,)

Yankton County. Upper Cretaceous, Pierre shale. NE{NE} sec., 17, T. 93 N.,
R, 56 W, , abandoned cement plant quarry, Marl. Detailed description of
deposit, Index map, geologic map, detailed measured section, summary of
swatigraphic units,

83, Gregory member, lower part, (Simpson, 1954, p. 67, 2, 30, 66,
app.5.) Marl, 5.5 ft sampled,

84, Crow Creek member and 3 fr of Gregory member. (Simpson, 1954,
p. 71, 2, 30, 70, app. 5.) Marl, channel sample,
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TABLE 12,— Analyses of samples from Colorado, Kansas, Montana, Nebraska, North Dakota, Sonth Dakota, and Wyoming containing clay and carbonates each less than

75 percent; clay and carbonates each greater than uncombined silica (Group E) common and mixed rock categories--Continued

| Wyoming
85 86 87 *88 *89 *90 *91 *92, 93
49E1-67 | 49E8-1 49E8-2 | 49E12-93 | 49E12-87 | 49E12-88 | 49E12-89 | 49E12-90 | 49E12-83
msoluble’ ... ... ..., eeierererecaranann e rteeeereneeeonan T .. ceeens | (20.0) (23.8) (18.02) | (15.28) | (26.53) | (23.4)
S105. i iainiriniiii it ransaarasiaaeas TR T & 1) 47.94 49,32 17.98 19.38 14, 50 13.10 22, 60 18.63
AlLOgiceeennrenaneneennns 6.00 2.4 3.7 3.0 4.3 7.1 3.6
1,00 14.52 14.21 { 1.4 1.7 1.1 1.4 2.3 1.3
21.55 21,50 9.5 9.9 8.0 6.1 3.4 12,3
26.8 24,96 217.20 32,05 26.40 25.8
.42 .89 .78 .79 .89 1,26
1.31 1.59 1.12 1.22 1,70 .97
2.35 4,95 5.13 6.77 8.54 2,86
HO eiivnenreneonranns . . . . 1.35 1.15 1,07 1.23 1,76 .54
TiOp cvrerensneconcosessneosveccenns . .14 .22 .04 .18 .29 .10
PyO5esseeavansonsannas cen 9.7 4.85 4,42 14.85 14,29 2,22
[0 S s 21.9 24.4 28.6 14,4 7.9 30.3
SO 4 e taetannrnnetnetestostatatatniesistinttnsoantoarerenss .30 2.1 1.6 1.7 2.5 2.5 .80
€T T .09 .08 .06 .21 .08 .05
Fatianesnesensassnensssassessonaossnssossssssaneosasaasanssnns | saveon .93 .56 .47 15 1.3 .22
Chem. Usueaiennannnnnn e eertedeneieniiiatetertectatrancnas | wena P .001 . 001 . 001 . 002 . 004 . 002
TZOITION L0SS v v v v evensnsnnssaneasaconsecossananvansennnnesaes | 3150 veeees 1Y(2506) [Y(30.5) | (34.8) | Y22.4) | '(18.2) |'(33.7)
SUBLOAL, 4 s s easvnoncnssonsossasancssessnsasannsssennsnoss | oneons veeeee | eeeaes 98,371 99,931 97,191 | 100,602 | 101,054 | 100.952
lessO® ........ B PP PO PN B .39 .24 .20 .63 .55 .09
Total....... e eeeseereasesransiecsnntenrrarsesesnnss | 97,30 | 683,21 | 683,70 98,0 99,7 97.0 100, 0 100. 5 100.9
CLASS 4 e aeevnnesnnesasonnssnseonsensosssseneenseenaesnesnnaes | 6,20,67 | 24,42,29 | 26,42,28 | 12,13,44 | 11,20,52 | 8,17,57 | 4,22,30 | 7,34,17 | 11,16,64
N . calcareous | calcareous calcareous
Ca0/MBO . tteneteiasiserssnraasansssasscessassscsacscascanass | calcite veeee. | dolomite dotomite | dolomite -oooo | dolomite
94 95 96 *97 *98 99 100 101 102
49E12-84 | 49E12-85 | 49E12-86 | 49E12-91 | 49E12-92 | 49E19-4 | 49E19-5 | 49E23-23 | 49E24-34
(15.00) | (39.9) (41,4) (25.2) (37.0) | 7(29.19) | (29.22) | ......
19, 60 32,75 33.46 21,10 31,21 23,47 23,49 18,10 50.70
PPN S 5.9 5.7 6.2 6.7 6.27 6.17 6.26 20.27
1.4 1.9 1.9 2.8 2.3 2.20 2.16 .80 3.25
. 5.3 8.6 5.4 1.70 .90 14 .62 .76 11,55
Ca0 4 tsueiunerasanesracsenssosssesssasssonsnsssssonenssnsasns | 32,40 20,20 23,20 30. 80 26.4 33,83 33,79 37,57
T N .95 1,44 1.20 1.00 .45 } 38 38 { 2.14
2 o .95 1.25 1,30 1.49 1.89 : ' .92
HpOt vevennnnen eerrereaaaees PSR rervrereaaes veeene [ T 32.01 32,44 36.63 $ 5,85 6.20 6.27
HoO = e ittaenesanassncacessnncasonssonsonsesancassennsasess .45 .39 .46 1,37 1.35 e £1,25
TiOg tvevcsnencsransanssssnssonsananss .13 .27 .24 .26 .32 FETTTTI I
1 & . .69 1,51 .66 9.92 9.90 F T T
[olo ‘e . ereereenanan 30,1 23,3 23,0 14.0 9.6 27,03 27. 08 veeeee e
MRO..vvurenanns . I O e ceaes .50 veeene
803 tevinnennans .56 .55 .62 2.2 2.1 cerene cerees .27
V205 evevnrennen .05 .05 .05 .07 .09 veeeee | e vees
Chem. U..... ereeaeranees et eereereaeeaeearaeaa, . 000 001 L0005 . 003 . 003 ceees
IZNILION 1055 4 e v eennsnsaronesnsasearnanoaes verreen s (133 | N25.7) | N(25.9) ) '(22.0) | (16.8) 31,58 15,15
SUDTOLAL 4uusvnuseernnnssnssssansonsssnnssssesssseasaacoss | 99,520 | 100,301 99,7105 100.443 | 100.163 v

Less O % iuiiinnen. . .04 .08 .03 .46 .46
Total.. PP (- XY 100.2 99.7 100.0 99,7 100. 12 99.96 | 100.15 |®100,92
ClaS8 4 oveueenosnnosasassessssasensessaransnnssasonsnsessnssss | 10,18,66 | 20,23,50 | 21,23,50 | 7,31,31 17,31,22 | 10,28,61 | 10,28,61 | 6,22,68 11,69,18
Ca0/MBO .utrerntsrantssusssosnsoroasossasssosessssarconssnns magne_smn calcare})us magnesian cevane calcite caleite calcite
calcite dolomite calcite
See following page for footnotes.
Semiquantitative spectrographic analyses
[c=1-5 percent; D=0, 1-1 percent; E= 0, 01-0, 1 percent; F= 0, 001-0. 01 percent; G =less than 0, 001 percent; ND=not detected, Li, Co, Ga, As, Cd, $n, Sb,
Ta, W, Pt, Au, Hg, and Bi looked for in all samples but not detected ]

88 89 90 91 92 93 94 95 96 97 98

ND G ND ND G ND ND ND ND ND ND

F E F F E F F F F E F

E E E E C E E E E E D

F E F F E F E E E E E

E E E E D E F F F E E

G F G G F G G G G G G

E E ND E F ND ND ND ND ND E
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Semiquantitative spectrographic analyses--Continued

88 89 90 91 92 93 94 95 96 97 98
ND E E E E ND ND ND ND E E
F E F F E E E E E F E
ND ND ND ND ND ND D ND E E E
F F F F E F F ND ND ND F
G G G G G G ND ND ND G G
ND E E E E E E E E E E
ND E ND ND E ND ND ND ND ND ND
! Not included in total. ® (Calculated from F by compilers.)
% Calculated from reported MgCO; or CaCOj3. ® sample probably contains some Mn.
? (Calculated by compilers; ignition loss, less CO; , T Insoluble residue broken down (Emmons, 1877, p. 243)
and less H;O-; probably contains some F and S.) and constituents added in to complete analysis.
4 Calculated from reported P. & At 100° C.
® Includes HpSOj, trace; and Cl, trace.
DESCRIPTIVE NOTES
[First page number in reference indicates source of analysis]
Wyoming Wyoming--Continued
85. Albany County. Upper Cretaceous, Niobrara formation, T. 16 N., R. 73 W, incipient pellets. Dolomite lens included in sample. Bed P-59;
town of Laramie. (Rock Products, 1929, p, 35, 36,) Limestone. Use: 3.0 ft thick; 74.45 ft from top of member.
Portland cement. 93. Lab, No, VEM-29-47. (McKelvey and others, 1953, p. 13, 18, 2, 22,
86-87, Goshen County, Miocene, Arikaree sandstone, Goshen Hole, Analyst, pl. 1; Gulbrandsen, 1958, p. 12, 5, pL. 1.) Dolomite, argillaceous,
Warner, (Ziegler, 1914, p, 127.) Sand cemented by calcite, Grades from brownish-gray. Bed P-60; 1.1 ft thick; 73. 35 ft from top of member.
individual crystals to irregular masses of solid rock. 94, Lab, No, VEM-30-47, (McKelvey and others, 1953, p. 13, 18, 2, 22,
86, Sand concretion. Sand, 62.54 percent. Soluble matter, 37.46 pl. 1; Gulbrandsen, 1958, p. 12, 5, pL 1.} Limestone, dolomitic,
percent. (Barbour and Fisher, 1902, p. 453.) brownish-gray. Bed P-61; 3.5 ft thick; 69. 85 ft from top of member,
87. Sand crystal. Sand, 63.63 percent, Soluble matter, 36, 37 percent, 95, Lab., No. VEM-33-47, (McKelvey and others, 1953, p. 18, 17, 2,
(Barbour and Fisher, 1902, p. 454.) 21, 22, plL 1; Gulbrandsen, 1958, p. 12, 5, pl. 1.) Dolomite, argil-
88-98. Lincoln County. Permian, Phosphoria formation, Meade Peak member. laceous, light brownish-gray. Bed P-64; 0.7 ft thick; 65,15 ft from
Sec. 7, T.26 N., R. 119 W. Analyst, under supervision of Walthall. top of member.,
Spectrographic analyst, Mortimer. Trench samples, Index map, outcrop 96, Lab, No, VEM-35-47, (McKelvey and others, 1953, p. 13, 17, 2, 21,
map; generalized columnar section, detailed columnar section. Modal grain 22, pl. 1; Gulbrandsen, 1958, p. 12, 5, pl. 1.) Mudstone, calcareous,
size. Mineralogy. (For other analyses from same measured section see dolomitic, light brownish-gray; fossiliferous. Bed P-66; 2.3 ft thick;
analyses in Lincoln County in other groups. ) 59. 85 ft from top of member,
*88, Lab. No, 2066, (McKelvey and others, 19583, p. 15, 19, 2, 23, *97, Lab. No. VEM-46-47, (McKelvey and others, 1953, p. 13, 17, 2,
pl. 1; Gulbrandsen, 1958, p. 14, 5, pl. 1.) (Analysis suggests 23.0 21, 22, pl. 1; Gulbrandsen, 1958, p. 12, 5, pl. 1.) (Analysis suggests
percent phosphate, 4.5 percent gypsum; shows 1.7 percent alkalies. ) 23, 5 percent phosphate, 4,7 percent gypsum; shows 2.5 percent alka-
Dolomite, phosphatic, argillaceous, dusky-brown. Bed P-9; 1.4 ft lies.) Phosphate rock, calcareous mudstone, and argillaceous lime-
thick; 135. 65 ft from top of member. stone; brownish-gray; contains pellets. Bed P-77; 2.1 ft thick; 47.9 ft
*89. Lab. No. VEM-15-47. (McKelvey and others, 1953, p. 14, 18, 2, 22, from top of member.
pl. 1; Gulbrandsen, 1958, p. 13, 5, pl. 1.) (Analysis suggests 11,5 %98, Lab. No, VEM-49-47, (McKelvey and others, 1953, p. 13, 17, 2, 21,
percent phosphate, 3.4 percent gypsum; shows 2, 5 percent alkalies. ) 22, pl. 1; Gulbrandsen, 1958, p. 11, 5, pl. 1.) (Analysis suggests
Dolomite, argillaceous, brownish-black. Bed P-46; 1,1 ft thick; 23, 5 percent phosphate, 4.5 percent gypsum; shows 2.3 percent alka-
92, 35 ft from top of member, lies.) Phosphate rock, mudstone, and argillaceous limestone; brown-
%90, Lab, No, VEM-19-47. (McKelvey and others, 1953, p. 14, 18, 2, 22, ish-gray, fossiliferous, contains pellets, Bed P-80; 1 ft thick; 45.7 ft
pl. 1; Gulbrandsen, 1958, p. 12, 5, pl. 1.) (Analysis suggests 10,5 from top of member,
pDZZ:;xS ?ﬂ:ﬁ;ﬁi}chixfzg s::;l,e:ow;;. i];:r;cle.n; ;lt;ll;is) 99-100, Sweetwater Coupry. Eocene, Green River formation. (T, 18 N,, R, 107 W.),
88.25 ft from top of member. town of Green River. An.alyst, Brewater.. (Emmons, 1877, p. 24:?, 242;
%91, Lab. No. VEM-24-47. (McKelvey and others, 1953, p. 14, 18, 2, 22, Eckel, 1913, p. 375,) Limestone, Possible use: Cement material.
pl. 1; Gulbrandsen, 1958, p. 12, 5, pl. 1.) (Analysis suggests 35.2 101. Weston County. Upper Cretaceous, Graneros shale. (T. 45 N., R. 61 W.},
percent phosphate, 5.4 percent gypsum; shows 2.0 percent alkalies, ) 2,256 miles southeast of town of Newcastle, Analysts, Phillips and Bates.
Phosphate rock, dolomitic, brownish-black; contains pellets. (Ball, 1907, p.234, 233.) Shale, calcareous, light-gray, fissile; 40 ft ex-
Bed P-55; 1,6 ft thick; 81.85 ft from top of member, posed. Geologic map. Possible use: Cement material,
*92, Lab. No. VEM-28-47, (McKelvey and others, 1953, p. 13, 18, 2, 22, 102. Yellowstone National Park. Recent. Mud spring, Upper Basin, near Castle

pl. 1; Gulbrandsen, 1958, p. 12, 5, pl. 1.) (Analysis suggests 33.9
percent phosphate, 5.4 percent gypsum; shows 2.6 percent alkalies.)
Phosphate rock, dolomitic, argillaceous, brownish-gray; contains

geyser. Analyst, Endlich. (Peale, 1873, p. 151.) Clay, blue.
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TABLE 13,— Analyses of samples from Colorado and Kansas containing 75 to 90 percent carbonates (Group Fy) common rock category

(Chemical analyses arranged by State, county, and stratigraphic position ]

Colorado
1 2 3 4 5 3 7 8 9 10 11
5F,7-21 | S5F;7-20 | 5F16-3 | 5F;19-3 | SF;19-4 | 5F19-5 | 5F19-6 | 5F,30-42 | 5F30-43 | 5F;30-46 | 5F;30-45
3 o P B £ 3 9.60 | ‘12,01 7.30 8.00 | 10,09 10.3 !10.80 *12.80 | '18.00 | '16.70
5.34 2.41 .54 1.7 veeeee
.54 .18 L1 3.26 3.48 { 1,10
1,13 81 | ... 21,19
.80 .81 18.03 1,18 18,33 .88 1.00 17,00 16.80 15.80
40,81 45,87 27.49 348.85 28,01 47.6 47,80 28,50 25, 60 27,60
K2O tervnnnennsensnnnerosesnennsssaasnas .93 .69
HBO+ 1 arianeenrennresennsnnsennennennses | 4161 41,43 } o
2 0 N 4,48 4,41 ' s
P2O5 seeenensncasatanssseesacencnsonsoes| sovees .03 .5
1 1 220 ] eeee.. R senaes sieaee cesees cesese
32,15 36.00 41,40 37,02
Organic matter ..oeveesessneorcscsonnnens .67 1,48 .3
TOtalsseernrenrennnannsenaensesasses | 100,21 100, 20 100. 42 61.08 61.51 57.62 99.4 59. 60 58,30 60.40 60,10
Class usuvuensnansssaransnosssnsonasses | 519,73 | 510,82 | (11,2)87 { 2,10,86 | 2,10,85 | (10,0)89 | 6,7,84 |(11,0)87 |(13,0)86 | (18,0)81 |(17,0)82
CaO/MBO . eviureoraansresrasanssnssnsss | calcite calcite dolomite calcite calcite dolomite calcite calcite dolomite | dolomite c:z:;;‘::’
Colorado

12 13 14 15 16 17 18 19 20 21 22
5F;30-44 | 5F;30-47 | 5F33-1 | 5F;33-2 | 5F33-3 | 5F;35-14 | 5F35-16 | 5F35-15 | 5F47-6 | 5F49-1 | 5F49-2
ve..| 113,10 121.4 11.84 22,71 1.14 7.14 11,13 11,10 14.6 513,63 12,12
1,66 1.18 {2.62 1,63 4,58 3.51 2.8 3.97
Fe30zeuen.. . 1.51 : .14 .40 .18 2.6 1.88 2.06
FEO tieninsenssonnsssnsssssnanssossonss | seaene .83 | ...... .4 .48 .56 .81 .64
MBO:eeeuestneseerascosaaassanasanaesss | 17.65 1.9 17.41 15.48 $16.81 1,04 1,05 .99 6.6 8.25 15,97
Ca0.uituseaseransnenonasscnonsessaneass| 26.60 39,1 26. 60 24,26 | 328,03 49,11 43,60 43,86 35,7 35.98 25.63
.029 .17 .20 11
017 .45 .78 .61 ..
} . { 4,19 41,21 42,01 .
: 10. 64 4,33 4,57 4 .60
Tr. .10 resese eveose T PPN
40,01 36.26 39,00 34,38 34,58 34,2

.07 Tr. Tr. .07
Tr. .52 1,72 1.64
62.4 100,44 100, 06 59.65 100,20 100,18 100, 07 96.5 60,38 59,175

(18,0)84 | (21,0)74 | 7,8,84 | 21,3,76 | 0,12,84 | 4,6,88 | 3,17,78 | 5,14,78 | 17,14,75 | 12,4,81 | 3,17,79

dolomite magne.sian dolomite | dolomite | dolomite calcite calcite calcite magnesian magna.slan dolomite
calcite calcite calcite
Kansas

23 24 25 26 27 28 29 30 31 32 33
15F3-4 | 15F;6-6 | 15F;6-9 | 15F;8-10 | 15F;6-8 | 15F;6-13 | 15F;6-14 | 15F,6-12 | 15F;6-7 | 15F;6-11 | 15F;6-15

Si0.eien.. 10,96 11,08 13,84 615,21 13,34 16. 64 18,75 16,27 11.75 15.48 11,91
ALOg.uiesiaresressnncarsannoanssaneeses | 71,27 1,77 2.47 4,56 1.51 3,09 2.15 2.91 2.06 2.7 7.65
FE03ceveennrennceressnncascnannssnansss | 51,28 1.69 1.68 6.57 4,43 2.32 3.87 4,59 2.98 8.68
MgO..... 1.74 21,59 31,56 35,09 310.00 55,84 31,08 $5.26 312.72 $8.27 1,54
[of Yo I 486,27 345,57 343,64 336.53 331,04 $ 35,32 341.43 336.38 $29,78 333,73 46,42
|01 S .29 .26 .33 .31
PyO5eveen .08 .. . .06

505 .. .51 Tt.
5.... 2(.22) . .
IgNItion 1088 vusvvvusansnesosecnneasaanss. [1038,14 veeses |1038.14
TOtal.eueunesonencsonsssssnsnsnanses | 200,25 61.170 61,39 62.75 65.58 66.10 64,69 61,23 63.48 99,40

7,17,85 6,9,84 7,14,76 3,18,76 6,18,75 | 12,11,76 | 7,18,74 3,16, 80 7,14,78 10,4,85

magnesian |calcareous | magnesian calcite magunesian |calcareous | calcareous

c. e
calcite | dolomite calcite calcite dolomite | dolomite alet

CaO0/MBO. . ivuiiisniruisnennsnsnannseass | caleite calcite calcite

Spectrochemical analyses
[standard purity graphite electrodes used. A dash (-) indicates element not present in detectable amount, except St present in both samples but not determined. Zn, Ag,
Sn, and Ba looked for in both samples but not detected J

23 33 23 33 23 33
B tiieertoseensennnntaanaeass | 0.0002 - L0 Tr. - ClUveeevnsossnasascsssasaesss| 0.00004 0, 00004
5 .01 0,001 Mieiresosasasasasnssnonsess | 0,017 0,025 . 00007 -
Voreeoantcsnaossasssncasasens . 0016 - e .0003 .001 |2 T .002 . 0005
! Reported as insoluble. 4 4,0+, above 100° C.; HO-, at 100° C.
2 Includes MnO. Manganese and iron present as carbonates s Reported as insoluble (Clarke, 1900, p, 272). 3 Total iron.
but Fe,03 and Al,O5 were not separated from them, ¢ Includes insoluble residne. ? Not included in total, included in ignition loss.

$ Calculated from reported CaCOy or MgCOs. 7 Includes MnO, ZrO;, V;05, and TiO, if present. 10 305° -1, 000° C.
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DESCRIPTIVE NOTES

CFirst page number in reference indicates source of analysis]

Colorado

1-2, Boulder County. Upper Cretaceons, Niobrara limestone, argillaceous bed
above base. Analysts, Phillips, Brobst, and Bates, (Martin, 1909, p. 324,
315, 321, 322, 326.) Limestone, composite sample from outcrop. Index
and outcrop map. Possible use: Cement material.
1. NE} sec. 5, T. 2 N., R. 70 W., 8 miles west of town of Longmont.
Lab. No. 157. Limestone, shaly; 30 ft thick.
2. NEf sec. 28, T.3 N., R, 70 W., northwest of Longmont.
Lab. No. 161, Limestone, black, shaly; 30 ft thick,

3. Denver County. Niobrara limestone, (T. 4 S., R. 68 W.) west of town
of Denver. Analyst, Eakins. (Darton, 1905a, p. 399, pls. 2, 12, 43, 44, 58,
59, 70.) Limestone, typical specimen of formation. General description of
formation west of Denver: Dark gray when fresh, weathers to bright yellow;
about 400 ft thick. Index map, geologic maps, correlated columnar sections.

4-5. Eagle County. Lower Mississippian, probably Leadville limestone, T. 5 S.,

R. 86 W. or farther west (Ogden Tweto, written communication, 1956),
town of Eagle. (Burchard, 1912, p, 661.) Limestone,

6. (Eagle County) reported in Summit County. Pennsylvanian, Minturn forma-
tion, Resolution dolomite member (Ogden Tweto, written communication,
1956). (T.75., R. 79 W.) Pearl Hill, Tenmile diswrict. Analyst,
Hillebrand. (Clarke, 1900, p. 274,) (Limestone, dolomitic,)

7. Eagle County. Pennsylvanian, Weber formation, Sec. 8, T.8S.,R.83 W.,
Lime Creek. Analyst, Schroder. Lab. No. 7. (Johnson, 1940, p. 593, 573,
579, 589,) Algal limestone in black shale; about 50 ft thick. Description of
organism which built colony. Index map, detailed measured section. (For
other analyses of algal limestone in Colorado, see sample 20 this group,
sample 8 group A, sample 94 group B, samples 1 and 3 group C, and samples
16 and 70 group Fy of this compilation. )

Jefferson County. Triassic(?) and probably Permian, Lykins formation,

Glennon limestone member. T.5S., R. 70 W, Index map, detailed

measured sections, generalized and correlated columnar sections. Use:

Lower part extensively quarried. (Use not stated.) Samples contain minor

amounts of FeaOs, Al;O4 and MnyOg; percentages range from 0. 33 to 2, 90,

Iron and aluminum oxides generally in slight excess of the manganese oxide,

8. Cen, sec, 12, Analyst, Aller. Lab, No. LW-7. (LeRoy, 1946, p. 39,
12, 14, 17, 36, 37.) Limestone, pink to gray, interlaminated, hard,
brittle, massive, finely crystalline; 2 ft thick, 12 ft from top of
member.

9. Cen. sec. 12. Analyst, Aller. Lab, No. LW-5. (LeRoy, 1948, p. 39,
12, 14, 17, 36, 37.) Limestone, gray to white, laminated, finely
crystalline; contains vugs, chert concretions, quartz crystals, quartz-
grain aggregates; 1 ft 4 in.thick, 10 ft 8 in.from top of member.

10. Cen. sec. 12. Analyst, Aller. Lab. No. LW-1. (LeRoy, 1946, p.39,
12, 14, 17, 36, 37.) Limestone, pink to gray, irregularly laminated;
2 ft thick, 8 ft 8 in.from top of member.

11, Cen. sec. 12, Analyst, Aller. Lab, No. LW-8, (LeRoy, 1946,

p. 39, 12, 14, 17, 36, 37.) Limestone, pink and gray, laminated;
4 ft thick, 2 ft 8 in.from top of member.

12, NWj sec. 12. Lab. No. LR-13, (LeRoy, 1946, p, 40, 12, 14, 17,
36, 41.) Limestone, pink and gray, siity, laminated; 10 ft thick,

5 ft 10 in.from top of member.

13, NWj sec. 12. Lab. No. LR-11, (LeRoy, 1946, p. 40, 12, 14, 17, 36,
41,) Limestone, gray and pink, laminated; 3 f thick, at top of
member.

14, Lake County. Lower Ordovician (Manitou limestone) reported as White
limestone. (T.9S., R. 80 W.) southeast of town of Leadville, Carbonate
Hill quarry. Analyst, Hillebrand, (Emwmons, 1886, p. 65, 60, 61,) Dolo~
mite, white. From upper part of formation, General description of deposit:
White, thin-bedded, compact, conchoidal fracture, texture nearly litho-
graphic, some beds contain concretions of white semiwansparent chert;
average thickness, 120-160 ft,

15, Lake County. (Manitou limestone) reported as White limestone. Sec. 24,
T. 9 S., R, 80 W,, Leadville disrict, Carbonate Hill, Morning Star or
Evening Star mine. (Emmons and others, 1927, p, 28, 23, 29, pls. 2, 8, 33,
34, 38,) (Dolomite,) Index map, geologic maps, generalized columnar
section, correlated columnar sections.

8-13

16,

17-19,

20.

21.

22.

8

24-32,

33,

Colorado--Continued

Lake County. (Leadville limestone) reported as Blue limestone, southeast of
Leadville, Glass-Pendery mine, Analyst, Hardman. (Emmons, 1886,

p. 645, 65,) Dolomite. Use: Flux.

Larimer County. Niobrara limestone. Analysts, Phillips, Brobst, and Bates.
(Martin, 1909, p. 324, 315, 320, 321, 326,) Limestone. Composite sample
from outcrop. Index and outcrop map. Possible use: Cement material,

17, Basalbed. NE} sec. 13, T. 4N., R. 70 W., 5 miles west of
Berthoud. Lab, No, 169, Limestone, white, massive; 19.4 ft thick.

18, Argillaceous bed above base of Niobrara limestone. SWi sec. 9,

T.5 N., R, 69 W., 3 miles west of town of Loveland. Lab. No, 168.
Li shaly, thin-bedded; 43 ft thick.

19. Argillaceous bed above base of Niobrara limestone. Sec. 20, T. 7 N.,
R. 69 W., southwest of town of Fort Collins. Lab. No. 167, Lime-
stone, shaly, thin-bedded; 49 ft thick.

Park County, Weber formation, Sec. 10, T. 11 8., R. 78 W., Wood's Cabin,
Analyst, Hills, (Johnson, 1940, p. 593, 573, 578-583,) Algal limestone.,
Occurs ini black shales near top of formation, Associated with oolites, pisolitic
algal growths and fish scales, Description of organism which built colony.
Index map, Detailed measured section. (For other analyses of algal limestone
in Colorado, see sample 7 this group, sample 8 group A, sample 94 group B,
samples 1 and 3 group C, and samples 16 and 70group F, of this compilation. )
Pitkin County. Leadville limestone. (T, 10 §., R. 84 W.) top of Aspen
Mtn. Analyst, Steiger. Lab. No. 1559, (Spum, 1898, p. 210, 208; Clarke,
1900, p. 272.) Dolomite, from main fault zone. Microscopic description.
Pitkin County. Minturn formation (Ogden Tweto, written communication,
1956) reported as Weber formation. T. 9 S., R. 84 W., (Ogden Tweto,
written communication, 1956), Clark tunnel. (Spurr, 1898, p, 242, 241.)
Dolomite, fresh. Alters to clay when softened and bleached.

Kansas

Atchison County. Pennsylvanian, Oread limestone, Plattsmouth limestone
member. SW% sec, 7, T.6S,, R, 2LE. Lab. No. 51120, (Runnels and
Schleicher, 1956, table 16, pl. 2, p. 86, 97.) Limestone, 12 ft thick,
chips from continuous surface, Index map; 1ésumé of spectrographic results.
Bourbon County. Pennsylvanian, (prob-bly Fort Scott limestone) reported as
Swallow limestone or lower member of Uswego limestone. (T. 25 S.,

R. 25 E,) Analyst, Bartow. (Haworth, 1898, p. 67, 66.) Limestone.

Use: Hydraulic cemeat.

24, Town of Fort Scott. Lab. No. 5. Use: Contains too much lime

(for a natural cement rock) .

25, Fort Scott, Lab. No. 4. Use: Best rock in area for cement.
26, Fort Scott. (See also Smith, 1893, p, 49,)Use: Natural cement rock.

27, Quarries in southeastern part of Fort Scott, Lab., No. lc.
From bottom of stratum.

28, Quarries in southeastern part of Fart Scott, Lab, No. 1b.
From middle of stratum.

29, Quarries in southeastern part of Fort Scott, Lab, No, la.
From top of swatum.

30, Cement works north of Fort Scott, Lab, No. 3b. From middle of
stratum; 4 ft thick. (For sample from same measured section see
sample 5, group C of this compilation. )

31, Northeast of Fort Scott. Lab, No. 2b. From middle of swratum.
(For sample from same measured section see sample 16, group E of
this compilation. )

32. Northeast of Fort Scoit, Lab, No. 2a. From top of sratum.

Bourbon County. Pennsylvanian, Dennis limestone, Winterset limestone
member. NW} sec. 7, T. 25 5., R. 22 E. Lab. No. 52302, (Runnels
and Schleicher, 1956, table 25, pl. 3, p, 86, 97.) Limestone, 13.5 ft
thick, chips from continuous surface. Index map; résumé of spectrographic
results.
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TABLE 13.— Analyses of samples from Colorado and Kansas containing 75 to 90 percent carbonates (Group F;) common rock category--Continued

Kansas
35 36 37 38 39 40 41 42 43 44 45 46
15F,8-1 | 15F8-2 | 15F8-4 | 15F8-5 | 15F8-6 | 15F8-7 | 15F9-2 | 15F;9-4 | 15F9-3 | 15F9-5 | 15F9-6 | 15F9-8
7.45 10.31 8.32 8.97 9.14 13,45 13.69 11.10 18,57 8.03 10.95 10.26
231,94 23.61 21,17 22,69 21,45 22,64 21,53 23.78 3,62 { 1.59 21,21 22.48
5.84 5.99 5.617 5.26 5.80 51,15 5.83 5.90 * 1.14 5.62 51,32
MgO.eevarernnnann 1.15 2.08 1,83 .82 18.40 17.95 14,95 4,22 .72 6.84 .11 .51 18.69
CaQ.. 46.17 47.41 45.26 49.01 27.32 28.06 28.35 41,66 45.56 647,46 50.14 47.80 26,64
NagOuovervnnnnvnne| wennnn .14 .29 .14 P PN .
HpO- vevvnnvnnnnnan] ceee veesss T.85 | ...l
PyO5escrecaaneaanns Tr. .05 .02 .07 .04 .04 .03 .06 .28 cerene eesan W17 .09
S03 civienninnnnans .08 ceeran .24 .38 Nil .07 Tr. .05 .26 .90 PPN Tr. Tr.
8% i (.01) 9(.37) (.28) (.05) (.04) (.02) (.08) (.52) e T TN .
Ignition 108S o....... [ 1087.23 |[1038,84 |1036,89 | 1039,28 |sv41,46 |[1041,70 |[1039,38 |[1037,20 | 1036,96 ceess. | 1138.62 | 1038,06 |1040.43
Total.vseananas 99,13 98,61 99.74 99,72 99,176 99,21 {2100, 56 1399,24 99,56 61.39 99.98 1499, 32 99,91
Class vuvennnvenenns| 4,11,82 3,8,86 3,13,81 5,5,88 4,9,86 6,6,87 7,11,82 11,6,82 3,14,81 | (3,11)85 | 4,8,86 8,5,8% 4,11,83
CaO/MgO....cv...o] calcite magne.s 1an magne.s R catcite dolomite | dolomite calcare.ous magne.smn calcite calcite calcite calcite | dolomite
calcite calcite dolomite calcite
47 48 49 50 51 52 53 54 55 56 57 58 59
15F;9-9 15F;9-10 | 15F,9-11 | 15F;14-8 | 15F14-9 | 15F;16-2 | 15F;16-1 15F18-2 | 15F18-3 | 15F;18-4 | 15F,;19-8 15F,21-2 | 15F,21-3
Si0;.evinecinsnenss] 10,27 13,32 13.35 9.31 19,50 6.83 6.48 8.08 113,60 15,73 6.84 10.91 12,21
ALOj.ciuerivennaes]| 162 22,43 1.71 22,54 6.40 {21.36 21,41 29,54 o.55 {24.15 2,10 22.63 22.38
Fey03eccncceencnens 1.32 51,37 1.37 5.89 : 53.62 52,77 5.69 - 51,36 52,19 5.64 5.56
MgOiieseinuannnaass| 18,72 18.79 18.83 1,12 611,82 1.22 1.64 2.02 63.65 1.47 2.90 1.36 1,18
Caluuernrennnennes| 26.68 25,45 25,50 47,61 633, 64 48.36 47,85 45,91 642.67 41,43 46. 92 46.54 45,81
Nagleurenenveanans| seennn .09 .15 .16 eeees
KeOuvevevronnnnnnnn eeans feecas .55 cerees .27 vesaes .62 ceasen vesesn ceeane
TiOy cevenevnncenns .17 PN .55 seesee cesees cecens ceeene veeane
PaOg5evnnecsnnnnanas .09 .17 A7 .05 Tr. .07 .02 .02 .03 .04 .04
SO3 vevrerneennnnns Tr. Tr. Tr. Nil ceseae Nil Nil .12 teeean Tr. Tr. .09 .07
L BT Nil Tr. Nil Nil 8(.06) 8(.03)
Ignition loss ........| 40.49 038,72 38.93 1037, 61 ceens. 1033.72 1039,87 1039.30 ceeses | 034,61 10490,27 037,46 1036,84
Totaleeenenanne 99. 96 100.25 100.41 99,77 61.36 100.11 99.89 99,10 62,47 99. 55 99.85 1599.67 99.69
Class covevnnnnnsensf 6,8,83 7,11,79 | 9,8,80 4,10,83 | (0,17)80 } 0,13,85 1,11,87 3,10,86 { (9,7)82 1,16, 75 3,7,89 6,9,83 7,9,81
CaO/Mg0...e.euu..| dalomite | dolomite | dolomite calcite calcare‘ous calcite calcite magnetuan magnefmn calcite magne'smn calcite magnejslan
dolomite calcite calcite calcite calcite
Spectrochemical analyses
[standard purity graphite electrodes used. A dash (-) indicates element not present in detectable amount, except Sr present in all samples but not always determined ]
34 36 317 38 39 40 41 42 45 46 48 50 52
B..... vessree ceeess) 0,002 0,001 - - 0.0005 - 0,002 0,0005 0, 0005 0,003 0,002 - 0,001
O Y .01 0.05 0,001 .01 0,02 . 004 . 009 Tr. .002 . 0015 0,0015 . 005
.01 . 001 . 0011 Tr, . 0011 .001 . 002 . 0025 . 0016 . 0012 . 0016 - -
. 001 .001 - - - . 0005 Tr. - - - - - -
.02 .01 .005 .01 . 004 .03 .03 .008 008 .01 .007 .01 .04
.001 . 001 . 0005 . 001 . 0002 . 003 . 0003 . 0003 . 0003 Tr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>